
 

Figure 5 Darwins barberry, growing 'in' a forest, 3m up a mature pine tree, 
image, R.Bashford 

 



23. Plant Biosecurity - Awareness and Promotion 

The aim of providing awareness and promotion material, activities and 
programmes is to effect positive behaviour change across our community. If 
occupiers of land grow responsibly and dump garden waste responsibly then 
the transfer of weeds to vulnerable areas should stop. By alerting the 
community to the issues, threats and solutions of weed management it should 
result in more effective pest plant management.  
 

23.1 Targets 

2009-10 TARGETS 

• Report on all awareness and promotional activity 

23.2 Progress towards target 

Table 12: Awareness activity  
ACTIVITY WHAT 

Media release 

• Central District farmer-broom leaf beetle release- See 
appendix 1. 

• Tutsan information to Federated Farmers for their 
magazine. 

• ATR article highlighting the differences between native 
clematis and Old Mans Beard.  

Signage  

Field Days • DoC Conservation Week - Pahiatua Weedswap 
• Dannevirke Garden expo 2009 – Garden of Virtue-

Garden of Vice display set up. 

Other  

 • Spoken to 2 Rotary clubs, Speaker Massey 
University Ground Keepers Conference, 
Manawatu Environment Network poster 
presentation 

• Malinda Matthewson presented at the New 
Zealand Biosecurity Institutes annual national 
education and training seminar on Horizons 
Contorta control in the upper Rangitikei. Malinda 
was awarded the best new presenter prize. 

• Pongaroa Scouts weed talk and walk through 
local bushwalk they are looking after. 

• Weber School planting/education day at Brian 
Hales 

• Weedbuster Dirty weekend promo (lowkey) 
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Table 8: Breakdown of Frontline enquires 

SPECIES Number of 
enquires 

Blackberry  1 

Gorse  17 

Ragwort  3 

Zero-density species 20 

Aquatic 2 

Surveillance plants 1 

Non-strategy plants 32 

Total 76 
 

23.3 Activity Summary 

23.3.1 Dannevirke Garden Expo 2009 

 
Staff attended the Dannevirke Garden Expo and highlighted the differences 
between good gardening and bad gardening. Our aim was to promote 
responsible behaviour in plant selection and waste management. Many 
ratepayers believe that Horizons slant is too heavy on garden plants and too 
focused towards native plants. By providing tangible examples of exotic plants 
that are not a risk to our natural heritage, Horizon’s is able to engage with 
gardeners better to encourage behaviour change. We also use an excellent 
book, Plant me Instead which gives alternative species to popular invasive 
plants. 
 
 

Figure 6 Ruth Fleeson talking to locals, image E.Iddon 
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24. Appendix 

 

24.1 Broom leaf beetle release article 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
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24.2 Tutsan supporting information 
 
SFF application 
Tutsan report 
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2010/2011 Grants - Phase I  
“Over $20,000 Application Form” 

 
- For all projects requesting a grant of more than $20,000 from SFF 
- This application is restricted to four pages - the boxes do not expand with extra text 
- No attachments will be accepted at Phase 1 

 
Project Title:  Biological control for tutsan (Hypericum androsaemum) in New Zealand 

Applicant Group Name: The Tutsan Action Group (TAG)  

Contact Details: (main liaison person with SFF) 
4.  Contact Details 
Name: Rosalind Burton 
Telephone: 07 895 8052 
Fax: 07 895 6561 

 
Address: Hikurangi House, Miriama Street, PO 
Box 221, Taumarunui 
Email: gtb@xtra.co.nz  

Are you submitting your proposal into the general SFF portfolio or the Climate Change 
portfolio? Please put a check (X) in the appropriate box (see guidelines for an explanation) 
SFF portfolio:   X 
Climate Change portfolio:  
1. Project Executive Summary (explain your project in less than 100 words) 

 
This project aims to conduct surveys of tutsan in New Zealand and in its native range to determine what, if any, 
insects and/or diseases can be found attacking the plant that may be suitable to use as biological control agents in 
New Zealand.  At the completion of this project we will have a prioritised list of potential biocontrol agents, and 
better information about the distribution of tutsan and the costs of this weed in New Zealand. 
 
2. Problem/Opportunity (Describe the size and importance of the problem or opportunity for your community of 
interest.) 
 
Tutsan (Hypericum androsaemum) is an evergreen perennial bush which originates from Europe, north-west 
Africa and temperate Asia. Tutsan was introduced to New Zealand (NZ) as an ornamental plant and naturalised as 
early as 1870, and had become a serious pasture weed by the mid-1940s. The worst infestations are currently in 
the Taumarunui area, where the plant has begun to spread rapidly into valuable pasture land, production forestry, 
and conservation areas. 1500 ha around Taumarununui are already estimated to have 60% tutsan cover, with a 
much larger area than this threatened by tutsan invasion. A recent survey of regional councils showed that tutsan 
is of concern in seven other regions. Tutsan is probably currently in transition phase from the ‘lag’ , which can last 
many decades and in which weed populations remain largely unchanged, into the exponential expansion phase, in 
which the invasiveness of the weed becomes realised.  
 
Tutsan forms monocultures which are impenetrable by stock. The plant is highly unpalatable to livestock but, 
unlike its close relative, St John’s wort (Hypericum perforatum) it is not poisonous to stock. Unlike many weeds, 
tutsan is shade tolerant and is therefore a threat to managed forests as well as native forests. Containment of 
tutsan infestations is exacerbated by birds which disperse the seeds.  
  
Tutsan is difficult to kill with herbicides, and in many cases grows in terrain which is difficult to access with 
machinery. The plant can also regrow from fragments. Consequently, conventional control methods are 
unsatisfactory, uneconomic and unsustainable. In the Ruapehu District, the current annual cost of tutsan has been 
estimated to be around $1.2 million while the capital costs could be as much as $27 million.  
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Some farmers have commented that if better control measures cannot be found they might have to walk away 
from land that is currently infested with tutsan. Biological control is likely to be the only cost-effective and 
sustainable option for managing tutsan, and this approach therefore needs to be researched and developed 
urgently. 
 
3.  Community of Interest: (describe the stakeholder group(s) represented by the applicant) 

 
The Tutsan Action Group (TAG) is made up of people who have a significant problem with tutsan on their 
properties, or a vested interest in trying to prevent further invasion. Group members include farmers, farm 
business advisors, a councillor and biosecurity staff from Horizons Regional Council, a Department of 
Conservation ranger, and Landcare Research scientists.  Others supporting this application include other regional 
councils, Ruapehu District Council, Meat NZ, Maori landowners, local farmers and land managers, and forest 
owners. 
4a.  Project Team Composition  (provide individuals’ names and their designation / organisational affiliation) 
Project Manager: Graham Wheeler, 
Chairman  

Finance Manager: Rosalind Burton, Farm Business 
Management 

Member 1: David Jurgens, Farmer Member 2: Trevor Schroeder, Farmer 

Member 3: Jim Campbell, DoC Member 4: Geoff Burton, Farm business manager 

Member 5: Dave Alker, Horizons Regional 
Council 

Member 6: Mike Gibbs, Farm manager 

Others: Mike Plowman (councillor), Ken Malcolm (farmer), Craig Davey (Horizons Regional Council), local iwi 
representative and a local forest owner; and Hugh Gourlay and Ronny Groenteman (Landcare Research) who 
provide scientific expertise. 
Science/Technology/ Extension provider (if known) 
Landcare Research 

4b. Project Design and Delivery (What do you propose to do in this project? What are the key outcomes?) 
A feasibility study undertaken under MAF SFF Project L08/051 has concluded that tutsan would be a suitable 
candidate for biological control. Little is known about the natural enemies of tutsan in its native range so we will 
undertake surveys to identify these and shortlist any potential biocontrol agents we find.  
 
We will undertake preliminary studies into the lifecycles of the most promising species. We will also survey tutsan 
throughout its range in New Zealand to check if any natural enemies are already present here that could be better 
utilised (including pathogens that could be developed as bioherbicides); check if there are any species that might 
compete with, predate upon, or parasitise biocontrol agents; and better document the distribution of tutsan. 
 
Tutsan rust (Melampsora hypericorum) is known to have been in NZ since the early 1950s and in Australia since 
the early 1990s. This fungus has been highly effective at controlling tutsan in parts of Australia, but has been less 
damaging in NZ. An Australia study has found that several strains of the rust are present there and that tutsan 
populations vary in their susceptibility to these strains. No similar study has been undertaken for NZ, so we will 
determine, using DNA analysis, which strains of rust are present here and compare them to any strains found in 
the European surveys. This will allow us to identify any additional rust strains that may be useful for NZ. 
 
The NZ surveys will allow us to more accurately determine the distribution and percentage cover of tutsan in NZ, 
and this data will allow us to be better able to determine the costs of tutsan to NZ farmers and land managers. 
 
At the end of this project we will know: 
1.      What organisms currently utilise tutsan in NZ, including any species that may interfere with biocontrol  

   agents. 
2.      A more complete and accurate picture of the distribution and economic costs of tutsan in NZ.   
3.      The natural enemies of tutsan in the native range and which ones appear to be the most promising potential  
         biocontrol agents for NZ. 
4.      This information will give us a prioritised shortlist of potential biocontrol agents and this information will lead   
         TAG into another project to import, host test and release those potential biocontrol agents into New Zealand   
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5. Knowledge Sharing & Extension:  (What are your plans for communication and adoption?) 
We will undertake to let interested parties know about the project and how it might lead to improved tutsan control 
in the future, at regular intervals such as at the beginning of the project and when we have preliminary and final 
results.  
Each time there is a significant output from the project a press release will be prepared for nationwide distribution 
with the assistance of Horizons Regional Council and/or Landcare Research communications staff.  

• Community newspapers in the Taumarunui area will also be contacted to ensure local coverage of the 
project.  

• Stories on the project will be included in Landcare Research’s “What’s New in Biological Control of 
Weeds?” newsletter and Horizons Regional Council’s “Across the Region” newsletter.  

• The TAG is producing a leaflet summarising information gathered from the feasibility study and other 
information collected about the tutsan problem to date. This leaflet will be distributed to farmers via a 
mailout of the worst tutsan-affected properties and will be made available at relevant community events 
such as field days, stock sales and A&P shows. Interested parties will be asked to register with TAG if 
they are interested in having tutsan biocontrol agents released on their properties in the future.   

• This leaflet and other information about the tutsan project will also be available on the Landcare Research, 
Horizons Regional Council, Taumarunui Sustainable Land Management, and Ruapehu District Council 
websites.  

• A field day will be held in the Ruapehu District towards the end of the project when final survey results are 
available, so the implications of these results and next steps to be taken can be discussed first hand with 
land managers. The media will be invited to this event. 

• TAG will hold regular meetings so that all members of the group, supporters and other interested parties 
are kept informed of the progress of the project. 

• A paper outlining the results of this project will be presented at a relevant New Zealand conference. 
 
 
6.  Related Work:  (Is this new work or does it build on previous projects?) 
 
This project builds on a recent MAF SFF funded study (L08/051) that assessed the suitability of tutsan as a target 
for biological control in NZ. This project concluded that there was no reason to not explore biocontrol for tutsan 
further, but that there were many information gaps that needed to be addressed such as what are the natural 
enemies of the plant in NZ and in its native range. No other country in the world has ever attempted biocontrol of 
tutsan, so this will be a world first.  Tutsan has not been a significant weed problem in any other country in the 
world other than Australia, where the rust did the job for them and New Zealand and for this reason no other 
country has attempted its biological control. 
 
A biocontrol programme for tutsan in Australia was considered, but abandoned, at an early stage when tutsan rust 
turned up in the early 1990’s and significantly reduced tutsan populations there. The impact of the rust was 
variable in Australia, and work carried out in Victoria identified that the plant and the rust are genetically variable, 
and that tutsan populations vary in their susceptibility to the different rust strains.  
 
The L08/051 project ruled out the St John’s wort beetle (Chrysolina hyperici) as a potential biocontrol agent for 
tutsan by showing that populations of the beetles cannot complete development on this host. 
 
The feasibility study made the following recommendations:   

• Tutsan should be surveyed in its native/endemic ranges and a prioritised list of prospective biocontrol 
agents prepared for further study and host range testing. 

• A survey of the natural enemies of tutsan in New Zealand, should also be undertaken to check for any 
potential biocontrol agents not noticed to date, and any species living on (e.g. parasites and predators) or 
in the plant (e.g. endophytes) that might interfere with potential biocontrol agents.  

• Studies could be conducted to compare the DNA of New Zealand and Australian tutsan and rust 
populations.  

The recent L08/051 project also looked into the spread and costs of tutsan. This study concluded that tutsan is 
currently invading new areas in New Zealand, and estimated the cost of control efforts in the Ruapehu District 
alone to be $1.2 million per annum. 
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7. Project Funding – Please note that all figures supplied should be inclusive of GST 
We also require a detailed project costing sheet as a separate attachment (see guidelines for an example of this) 

 
 

 
Project Budget  

 Contributions for each financial year (FY)  
1 July to 30 June) 

FY1 FY2 FY3 Total Income 
2010/2011 2011/2012 2012/2013 FY 1+2+3 

A. Cash contributions     

SFF Funds requested (this fund) $114,000 $120,000 $138,699 $372,699 

Community Contribution (state names):     

Other Source 1  Horizons Regional Council $2,812 $2,812 $2,812 $8,436 

Other Source 2  DOC $1,687 $1,687 $1,687 $5,061 

Other Source 3  Environment Waikato $5,625 $5,625 $5,625 $16,875 

Other Source 4  Ruapehu DC $2,250 $2,250 $2,250 $6,750 

Other Source 5  TAG $3,375 $3,375 $3,375 $10,125 

Other Source 6  Pukepoto Trust $2,250 $2,250 $2,250 $6,750 

Other Source 7  Meat NZ  FITT $3,750 $3,750 $3,750 $11,250 

Other Source 8  AgMardt  $11,250 $11,250 $11,250 $33,750 

Other Source 9  National Biocontrol Collective $5,625 $5,625 $5,625 $16,875 

Total A: Total Cash Contributions (incl. GST) $152,624 $158,624 $177,323 $488,571 

     
B. In-kind Contributions     

Contributor 1  Horizons Regional Council $7987 $7987 $7988 $23,962 

Contributor 2  Department of Conservation $5737 $5737 $5738 $17,212 

Contributor 3  TAG  $16,897 $16,897 $16,897 $50,691 

Contributor 4  Landcare Research  $4725 $4725 $4725 $14,175 

Contributor 5  Geoff Burton $3487 $3487 $3487 $10,461 

Contributor 6  National Biocontrol Collective $9,750 $9,750 $9,750 $29,250 

Total B: Total In-kind Contributions (incl. GST) $50,083 $50,083 $50,083 $145,752 
     
Total C: Total Contributions (incl. GST) $201,208 $207,208 $225,907 $634,323 

 
 

Status Of Cash Contributions 

Source Confirmed (Y/N) Pending (Y/N) Discussed (Y/N) 
Other Central Govt Funds:    
Other Source 1  Horizons Regional Council Y   
Other Source 2  DOC  Y  
Other Source 3  Environment Waikato Y   
Other Source 4  Ruapehu DC Y   
Other Source 5  TAG Y   
Other Source 6  Pukepoto Trust Y   
Other Source 7  Meat NZ  Y  
Other Source 8  AgMardt  Y  
Other Source 9  National Biocontrol Collective    
Application Confirmation 

Duly Authorised Agent of the Community 
of Interest / Applicant Group: 

Name:   
 

Date:   
 

 
Next Step:  E-mail this application to: sff@maf.govt.nz by midnight Wednesday 7 October 2009 
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No other attachments will be considered, nor applications accepted if received after this date.   
 

For any further queries please freephone: 0800 00 83 33 
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•� 7XWVDQ��+\SHULFXP�DQGURVDHPXP��LV�QDWLYH�WR�(XURSH��$VLD�0LQRU�DQG�1RUWK�$IULFD��DQG�

KDV�QDWXUDOLVHG�LQ�1HZ�=HDODQG��$XVWUDOLD��&KLOH�DQG�SRVVLEO\�SDUWV�RI�WKH�86$��
•� 7XWVDQ�KDV�EHFRPH�D�ZHHG�LQ�1HZ�=HDODQG�DQG�FDQ�EH�IRXQG�LQ�PDQ\�SODFHV�WKURXJKRXW�

WKH�FRXQWU\�DQG�RQ�VRPH�RIIVKRUH�LVODQGV��7KH�ZRUVW�LQIHVWDWLRQV�DUH�FXUUHQWO\�DURXQG�WKH�
7DXPDUXQXL�'LVWULFW��

•� 7XWVDQ�KDV�EHHQ�JLYHQ�D�µZHHGLQHVV�VFRUH¶�RI����DQG�D�µELRORJLFDO�VXFFHVV�UDWLQJ¶�RI�����
ZKLFK�DUH�ERWK�DW�WKH�KLJKHU�HQG�RI�WKH�UDQJH��8QOLNH�PRVW�ZHHGV��WXWVDQ�FDQ�HVWDEOLVK�
XQGHU�VKDGH��

•� 7XWVDQ�FDQ�WROHUDWH�D�ZLGH�UDQJH�RI�WHPSHUDWXUHV�DQG�VRLO�W\SHV��VR�ODUJH�SDUWV�RI�
1HZ�=HDODQG�ZRXOG�SURYLGH�VXLWDEOH�KDELWDW��DQG�WKHUH�LV�VRPH�HYLGHQFH�WKDW�WKH�SODQW�LV�
DFWLYHO\�VSUHDGLQJ�LQ�DW�OHDVW�VRPH�DUHDV��

•� &XUUHQW�FRQWURO�PHWKRGV�DUH�ODUJHO\�LQHIIHFWLYH�RU�LPSUDFWLFDO��DQG�GLVSHUVDO�RI�WKH�VHHGV�
E\�ELUGV�SURPRWHV�UHLQYDVLRQ��

•� %LRORJLFDO�FRQWURO�DJDLQVW�WXWVDQ�ZDV�DWWHPSWHG�RSSRUWXQLVWLFDOO\�DQG�XQVXFFHVVIXOO\�LQ�
1HZ�=HDODQG�LQ�WKH�ODWH�����V�ZLWK�D�6W�-RKQ¶V�ZRUW��+\SHULFXP�SHUIRUDWXP��ELRFRQWURO�
DJHQW��&KU\VROLQD�K\SHULFL���

•� 7XWVDQ�LV�DOVR�D�ZHHG�LQ�$XVWUDOLD��9LFWRULD���$�ELRFRQWURO�SURJUDPPH�LQ�WKH�VWDWH�RI�
9LFWRULD�ZDV�DEDQGRQHG�DW�DQ�HDUO\�VWDJH�ZKHQ�D�UXVW�IXQJXV��0HODPSVRUD�K\SHULFRUXP��
ZDV�IRXQG�WR�KDYH�VHOI�LQWURGXFHG��,Q�$XVWUDOLD��VHYHUDO�VWUDLQV�RI�WXWVDQ�DQG�WKH�UXVW�KDYH�
EHHQ�LGHQWLILHG��7KH�GLIIHUHQW�VWUDLQV�RI�WXWVDQ�YDU\�LQ�WKHLU�VXVFHSWLELOLW\�WR�WKH�GLIIHUHQW�
VWUDLQV�RI�WKH�UXVW��7KH�DPRXQW�RI�GDPDJH�LQIOLFWHG�E\�WKH�UXVW�LV�DOVR�YDULDEOH��EXW�WKH�
SODQW�LV�JHQHUDOO\�ZHOO�FRQWUROOHG�QRZ�LQ�9LFWRULD��

•� 1R�RWKHU�ELRORJLFDO�SURJUDPPHV�KDYH�EHHQ�DWWHPSWHG�IRU�WXWVDQ�ZRUOGZLGH��DQG�WKH�
DUWKURSRG�DQG�SDWKRJHQ�IDXQD�DQG�IORUD�DVVRFLDWHG�ZLWK�WKH�SODQW�KDYH�KDUGO\�EHHQ�
H[SORUHG��2QO\�D�IHZ�DUWKURSRG�DQG�SDWKRJHQ�VSHFLHV�KDYH�EHHQ�UHFRUGHG�IURP�WXWVDQ�LQ�
LWV�QDWLYH�UDQJH�DQG��IRU�WKH�PRVW�SDUW��WKH\�DSSHDU�WR�EH�VSHFLILF�DW�WKH�JHQXV�EXW�QRW�
VSHFLHV�OHYHO��

•� 7KHUH�DUH�QR�HFRQRPLFDOO\�LPSRUWDQW�FORVH�UHODWLYHV�RI�WXWVDQ�LQ�1HZ�=HDODQG�EXW�WKHUH�
DUH�IRXU�LQGLJHQRXV�+\SHULFXP�VSS���WZR�RI�ZKLFK�DUH�HQGHPLF��DQG�VHYHUDO�+\SHULFXP�
VSHFLHV�DUH�JURZQ�DV�RUQDPHQWDOV��VRPH�RI�ZKLFK�KDYH�µMXPSHG�WKH�IHQFH¶�DQG�KDYH�
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EHFRPH�JDUGHQ�HVFDSHV���7KHUHIRUH��D�KLJK�GHJUHH�RI�KRVW�VSHFLILFLW\�LV�OLNHO\�WR�EH�
UHTXLUHG�RI�DQ\�SRWHQWLDO�DJHQWV��

•� $�QXPEHU�RI�EHQHILFLDO�XVHV�RI�WXWVDQ�KDYH�EHHQ�UHFRUGHG�RYHUVHDV��EXW�WKH�RQO\�PLQRU�
EHQHILFLDO�XVH�RI�WKH�SODQW�LQ�1HZ�=HDODQG�LV�IRU�RUQDPHQWDO�SXUSRVHV��7KHUHIRUH�QR�
PDMRU�FRQIOLFWV�RI�LQWHUHVW�DUH�H[SHFWHG�VKRXOG�D�ELRORJLFDO�FRQWURO�SURJUDPPH�EH�
XQGHUWDNHQ��

�
&RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV�
7XWVDQ�VKRXOG�EH�VXUYH\HG�LQ�LWV�QDWLYH�UDQJH�DQG�DQ\�SRWHQWLDO�ELRFRQWURO�DJHQWV�DVVHVVHG��
6HYHUDO�WDVNV�KDYH�EHHQ�LGHQWLILHG�WKDW�ZRXOG�QDUURZ�WKH�VHDUFK�IRU�HIIHFWLYH�FRQWURO�DJHQWV��
DQG�FODULI\�WKH�SURVSHFWV�IRU�HIIHFWLYH�ELRORJLFDO�FRQWURO�RI�WXWVDQ�LQ�1HZ�=HDODQG��
�
•� 8QGHUWDNH�D�VXUYH\�RI�WKH�QDWXUDO�HQHPLHV�RI�WXWVDQ�LQ�1HZ�=HDODQG�WR�FKHFN�WKH�

HQGRSK\WH�VWDWXV�RI�WKH�SODQW��ORRN�IRU�DQ\�SRWHQWLDO�ELRFRQWURO�DJHQWV�QRW�QRWLFHG�WR�GDWH��
DQG�DQ\�VSHFLHV�OLYLQJ�RQ�WKH�SODQW��VXFK�DV�SUHGDWRUV��WKDW�PLJKW�LQWHUIHUH�ZLWK�SRWHQWLDO�
ELRFRQWURO�DJHQWV��1RWH�WKLV�EDVHOLQH�LQIRUPDWLRQ�LV�YLWDO�IRU�DQ\�VXEVHTXHQW�DSSOLFDWLRQ�WR�
UHOHDVH�DQ\�QHZ�ELRFRQWURO�DJHQWV��$OVR�FROOHFW�SODQW�DQG�0��K\SHULFRUXP�UXVW�VDPSOHV�
IRU�FRPSDUDWLYH�'1$�VWXGLHV��(VWLPDWHG�FRVW����������

•� 8QGHUWDNH�VWXGLHV�WR�FRPSDUH�WKH�'1$�RI�WXWVDQ�DQG�0��K\SHULFRUXP�UXVW�ZLWK�$XVWUDOLDQ�
PDWHULDO��(VWLPDWHG�FRVW��������±���������

•� ,I�UXVW�VWUDLQV�DUH�SUHVHQW�LQ�$XVWUDOLD�RQO\�WKDW�PLJKW�EH�XVHIXO�DJDLQVW�1HZ�=HDODQG�
WXWVDQ��XQGHUWDNH�WHVWV�WR�GHWHUPLQH�WKHLU�DELOLW\�WR�LQIHFW�DQG�GDPDJH�1HZ�=HDODQG�
WXWVDQ��(VWLPDWHG�FRVW��������±���������

•� $QDO\VH�FRVWV�DQG�EHQHILWV�H[SHFWHG�IURP�ELRORJLFDO�FRQWURO�RI�WXWVDQ�LQ�1HZ�=HDODQG�LQ�
FRPSDULVRQ�WR�FRQYHQWLRQDO�FRQWURO�PHWKRGV��1RWH�WKLV�EDVHOLQH�LQIRUPDWLRQ�LV�YLWDO�IRU�
DQ\�VXEVHTXHQW�DSSOLFDWLRQ�WR�UHOHDVH�DQ\�QHZ�ELRFRQWURO�DJHQWV��(VWLPDWHG�FRVW��������±
���������

•� 6XUYH\�WXWVDQ�DW�VHOHFWHG�ORFDWLRQV�LQ�WKH�QDWLYH�UDQJH�DQG�SUHSDUH�D�SULRULWLVHG�OLVW�RI�
DJHQWV�IRU�IXUWKHU�VWXG\�DQG�KRVW�UDQJH�WHVWLQJ��$SSUR[LPDWH�FRVW�RI���������LI�
VXEFRQWUDFWHG�WR�&$%,�DQG�OLPLWHG�WR�(XURSH��([WHQGLQJ�WKH�VHDUFK�WR�RWKHU�SDUWV�RI�WKH�
QDWLYH�UDQJH�ZRXOG�LQFXU�DGGLWLRQDO�FRVWV��OLNHO\�DQRWKHU��������±�����������

•� 8QGHUWDNH�KRVW�UDQJH�WHVWLQJ�RI�SRWHQWLDO�DJHQWV��(VWLPDWHG�FRVW��������±��������SHU�
DJHQW��

•� ,I�WHVWLQJ�VKRZV�DJHQWV�DUH�VXLWDEOH��DSSO\�WR�UHOHDVH�WKHP�LQ�1HZ�=HDODQG��(VWLPDWHG�
FRVWV��������±���������IRU�RQH�RU�PRUH�VSHFLHV��

•� 0DVV�UHDU�DQG�UHOHDVH�DJHQWV��(VWLPDWHG�FRVW��������±���������SHU�VSHFLHV��
�

1RWH�HVWLPDWHG�FRVWV�DUH�H[FOXVLYH�RI�*67�DQG�DUH�EDVHG�RQ���������ILJXUHV��1HZ�HVWLPDWHV�
ZLOO�QHHG�WR�EH�SURYLGHG�LI�ZRUN�LV�WR�EH�XQGHUWDNHQ�EH\RQG�WKRVH�GDWHV��

�
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��� ,QWURGXFWLRQ�

�
+\SHULFXP�DQGURVDHPXP�/���WXWVDQ��LV�DQ�HYHUJUHHQ�RU�VHPL�HYHUJUHHQ�VKUXE��XS�WR�����P��RI�
WKH�IDPLO\�&OXFLDFHDH��DOWHUQDWLYHO\�*XWWLIHUDH���7KH�JHQXV�+\SHULFXP�LQFOXGHV�F������
VSHFLHV�RI�WHPSHUDWH�DQG�VXEWURSLFDO�UHJLRQV��DQG�LV�VRPHWLPHV�SODFHG�LQ�D�VHSDUDWH�IDPLO\��
+\SHULFDFHDH��:HEE�HW�DO���������
�
,Q�1HZ�=HDODQG�WKHUH�DUH�IRXU�LQGLJHQRXV��WZR�RI�ZKLFK�DUH�HQGHPLF���DQG����QDWXUDOLVHG�
VSHFLHV��:HEE�HW�DO��������+HHQDQ��������2QH�PHPEHU�RI�WKH�JHQXV��+\SHULFXP�SHUIRUDWXP�
�6W�-RKQ¶V�ZRUW���ZDV�SUHYLRXVO\�D�VLJQLILFDQW�ZHHG�LQ�1HZ�=HDODQG�SDVWXUHV��DQG�ZDV�
VXFFHVVIXOO\�FRQWUROOHG�WKURXJKRXW�PRVW�RI�LWV�UDQJH�WKURXJK�WKH�LQWURGXFWLRQ�RI�WZR�IROLDJH�
IHHGLQJ�EHHWOHV��&KU\VROLQD�VSS���DV�FODVVLFDO�ELRFRQWURO�DJHQWV��
�
7XWVDQ�SURVSHUV�LQ�KXPLG�DQG�VXEKXPLG�ZDUP�WHPSHUDWH�UHJLRQV��RFFXULQJ�LQ�KLJK�UDLQIDOO�
DUHDV��PRUH�WKDQ�����PP�SHU�DQQXP���RIWHQ�RQ�GDPS��VKDGHG�VLWHV�DQG�IRUHVW�HGJHV��IURP�
ZKHUH�LW�LQYDGHV�QHLJKERXULQJ�SDVWXUHV��3DUVRQV�	�&XWKEHUWVRQ��������,Q�1HZ�=HDODQG�
WXWVDQ�KDV�EHFRPH�D�FRPPRQ�ZHHG�LQ�KLJKHU�UDLQIDOO�DUHDV��JURZLQJ�LQ�RSHQ�IRUHVW��IRUHVW�
PDUJLQV��VFUXE��ZDVWH�SODFHV�DQG�JDUGHQ�VXUURXQGLQJV��
�
:KLOH�LQ�WKH�SDVW�LW�ZDV�WKRXJKW�WKDW�WXWVDQ��OLNH�RWKHU�+\SHULFXP�VSHFLHV��FRXOG�FDXVH�
SKRWRVHQVLWLYLW\�LQ�VWRFN��-RKQV��������WKHUH�LV�QR�SURRI�WKDW�LW�LV�SRLVRQRXV��&XQQLQJKDP�
�������,W�GRHV�QRW�KDYH�K\SHULFLQ�JODQGV��5HHV�������.LWDQRY�������$XVWLQ�	�1RHO��������
DQG�QR�K\SHULFLQ�LV�SURGXFHG�LQ�DHULDO�SDUWV��H�J��6DYLNLQ�HW�DO����������EXW�VHH�0DJJL�HW�DO��
�������7XWVDQ�VKRXOG�WKHUHIRUH�EH�UHJDUGHG�DV�QRQ�WR[LF��&RQQRU��������,Q�DGGLWLRQ��LW�LV�
KLJKO\�QRQ�SDODWDEOH�WR�VWRFN��6\PH��������
�
7KH�WHQGHQF\�IRU�WXWVDQ�WR�LQIHVW�DUHDV�LQ�ZKLFK�PHFKDQLFDO�DQG�RU�FKHPLFDO�FRQWURO�RSWLRQV�
DUH�LPSUDFWLFDO��DV�ZHOO�DV�LWV�VKDGH�WROHUDQFH�DQG�DELOLW\�WR�LQYDGH�IRUHVWV��UHQGHU�ELRORJLFDO�
FRQWURO�D�GHVLUDEOH�RSWLRQ��7KLV�UHSRUW�UHYLHZV�SXEOLVKHG�OLWHUDWXUH�DQG�RQOLQH�UHVRXUFHV��DQG�
XVHV�FRPPXQLFDWLRQ�ZLWK�H[SHUWV�WR�SURYLGH�LQIRUPDWLRQ�IRU�GHFLVLRQ�PDNHUV�WR�ZHLJK�XS�LI�D�
ELRORJLFDO�FRQWURO�SURJUDPPH�DJDLQVW�WXWVDQ�LV�IHDVLEOH��DQG�WR�XQGHUVWDQG�ZKDW�VXFK�D�
SURJUDPPH�ZRXOG�LQYROYH��
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��� %DFNJURXQG�

�
���� *OREDO�GLVWULEXWLRQ�DQG�KDELWDW�UHTXLUHPHQWV�
7XWVDQ�KDV�DQ�H[WHQVLYH�QDWLYH�UDQJH�LQFOXGLQJ�(XURSH��QRUWK��,UHODQG��8.��FHQWUDO��%HOJLXP��
6ZLW]HUODQG��WKH�1HWKHUODQGV��VRXWK�HDVW��%XOJDULD��IRUPHU�<XJRVODYLD��,WDO\��DQG�VRXWK�ZHVW��
)UDQFH��3RUWXJDO�DQG�6SDLQ���DQG�FDQ�EH�IRXQG�VFDWWHUHG�WKURXJK�&DXFDVLD��$UPHQLD��
$]HUEDLMDQ��*HRUJLD��'DJHVWDQ���7XWVDQ�LV�DOVR�QDWLYH�WR�7XUNPHQLVWDQ��QRUWKHUQ�,UDQ��ZHVWHUQ�
6\ULD��7XUNH\��QRUWK�ZHVW�$IULFD��QRUWK�$OJHULD��7XQLVLD��DQG�WHPSHUDWH�$VLD��'DYLV�������
86'$�$56��������7XWVDQ�KDV�QDWXUDOLVHG�LQ�$XVWUDOLD��PDLQO\�LQ�9LFWRULD��EXW�DOVR�1HZ�
6RXWK�:DOHV���1HZ�=HDODQG��VRXWKHUQ�$IULFD��FRQWLQHQWDO�&KLOH�DQG�SRVVLEO\�SDUWV�RI�WKH�
86$��,Q�1HZ�=HDODQG�DQG�LQ�9LFWRULD��$XVWUDOLD��WXWVDQ�KDV�EHFRPH�LQYDVLYH��7KRPDV��������
�
$�VWXG\�LQ�:HVWHUQ�(XURSH��FRYHULQJ�)UDQFH��%HOJLXP�DQG�WKH�1HWKHUODQGV��LGHQWLILHG�WKH�
FOLPDWH�RI�VRXWKHUQ�)UDQFH�DV�RSWLPDO�IRU�WXWVDQ��ZLWK�DYHUDJH�DQQXDO�WHPSHUDWXUH�RI����&�
DQG�DQQXDO�UDLQIDOO�RI�����PP��+RZHYHU��WXWVDQ�FDQ�WROHUDWH�D�ZLGH�WHPSHUDWXUH�UDQJH�IURP�D�
PD[LPXP�RI������&�WR�D�PLQLPXP�RI�í���&��9DQ�'HU�9HNHQ�HW�DO���������,W�LV�DOVR�WROHUDQW�
RI�YDULRXV�VRLO�W\SHV�DQG�DFLGLW\�OHYHOV��H�J��+XWFKLQVRQ��������7XWVDQ�LV�D�VKDGH�WROHUDQW�
VSHFLHV�DQG��LQ�LWV�QDWLYH�UDQJH�LV�D�FRPSRQHQW�RI�PDWXUH�IRUHVWV��2ODQR�HW�DO���������7KHVH�
ILQGLQJV�VXJJHVW�WKDW�ODUJH�SDUWV�RI�1HZ�=HDODQG�FRXOG�SURYLGH�VXLWDEOH�KDELWDW�IRU�WXWVDQ��
�
���� 'LVWULEXWLRQ�DQG�VWDWXV�LQ�1HZ�=HDODQG�
7XWVDQ�LV�D�JDUGHQ�HVFDSHH�LQ�1HZ�=HDODQG��+HDO\�������DQG�ZDV�ILUVW�UHFRUGHG�DV�
QDWXUDOLVHG�KHUH�LQ�������2ZHQ��������7KH�SODQW�LV�ZHOO�HVWDEOLVKHG�WKURXJKRXW�1HZ�=HDODQG�
�1RUWK�DQG�6RXWK�LVODQGV��6WHZDUW�,V��&KDWKDP�,VODQGV��DQG�&DPSEHOO�,V��6\NHV��������DQG�
PRUH�VSHFLILFDOO\�7H�$ZDPXWX��:KDNDWDQH��DQG�7DXPDUXQXL��:KDWPDQ��������$XFNODQG�
�(VOHU��������2SRWLNL��+HJLQERWKDP�	�(VOHU��������:HOOLQJWRQ��%DJQDOO�	�2JOH�������
0LWFDOIH�	�+RUQH��������+RURZKHQXD��ZHVWHUQ�PDUJLQ�RI�WKH�:HOOLQJWRQ�3URYLQFH��'XJXLG�
�������:HVWODQG��:DUGOH�������:LOOLDPV�	�+D\HV��������$UWKXU¶V�3DVV�1DWLRQDO�3DUN�
�%XUURZV��������2WDJR��$OOHQ�HW�DO���������)LRUGODQG�1DWLRQDO�3DUN�DQG�:RUOG�+HULWDJH�DUHD�
�-RKQVRQ�������'LFNLQVRQ�	�0DUN��������DQG�&DQWHUEXU\��0DKRQ��������7XWVDQ�DUULYHG�LQ�
WKH�&KDWKDP�,VODQGV�EHWZHHQ������DQG�������1RUWKFURIW��������
�
,Q�1HZ�=HDODQG�WXWVDQ�LV�FRQVLGHUHG�D�PDMRU�SHVW�LQ�D�UDQJH�RI�ELRFOLPDWLF�]RQHV�IURP�ZDUP��
WR�FRRO�WHPSHUDWH��UDQJLQJ�IURP�ODWLWXGH�����WR�����6��PDULWLPH�FOLPDWH��EHORZ�����P�ZLWK�
DYHUDJH�DQQXDO�WHPSHUDWXUHV�UDQJLQJ�EHWZHHQ������DQG������&���3ODQW�FRPPXQLW\�W\SHV�
LGHQWLILHG�DV�SURQH�WR�LQYDVLRQ�E\�WXWVDQ�LQFOXGH�VKUXEODQGV��WXVVRFN�JUDVVODQGV�DQG�EDUH�ODQG��
7XWVDQ�FDQ�LPSDFW�RQ�WKH�VWUXFWXUH��L�H��RQ�WKH�GRPLQDQW�JURZWK�IRUP�RI�IRUHVW��VKUXEODQG�
HWF����RU�KDYH�D�¶PDMRU�HIIHFW�RQ�PDQ\�QDWLYH�VSHFLHV�RU�RQ�WKH�FRPSRVLWLRQ�RU�GHQVLW\�RI�
GRPLQDQW�VSHFLHV¶��2ZHQ��������7XWVDQ�ZDV�UHFRUGHG�DV�HVWDEOLVKHG�LQ�XQGLVWXUEHG�VLWHV�LQ�
)LRUGODQG�1DWLRQDO�3DUN�±�LW�LV�DVVXPHG�WR�KDYH�DUULYHG�LQ�WKHVH�VLWHV�DQG�HVWDEOLVKHG�ZLWKRXW�
KXPDQ�DVVLVWDQFH��,Q�DGGLWLRQ��LW�ZDV�RQH�RI�RQO\�WZR�VSHFLHV��RXW�RI������UHFRUGHG�DV�
SHUVLVWLQJ�XQGHU�D�IRUHVW�FDQRS\�DQG�DEOH�WR�LQYDGH�FORVHG�QDWLYH�SODQW�FRPPXQLWLHV�LQ�
)LRUGODQG�1DWLRQDO�3DUN��-RKQVRQ��������
�
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7XWVDQ�LV�FXUUHQWO\�RI�JUHDWHVW�FRQFHUQ�LQ�WKH�7DXPDUXQXL�'LVWULFW�ZKHUH�FKHPLFDO��
PHFKDQLFDO�DQG�IDUP�PDQDJHPHQW�PHWKRGV�KDYH�UHSHDWHGO\�IDLOHG�WR�VDWLVIDFWRULO\�FRQWURO�LW�
�:KDWPDQ��������:KLOH�LW�ZDVQ¶W�D�PDMRU�DJULFXOWXUDO�ZHHG�LQ�2WDJR�DQG�6RXWKODQG�LQ�WKH�
����V��LW�µVKRZHG�XS��WKHUH��UHJXODUO\�HQRXJK�WR�EH�LQFOXGHG¶�LQ�WKH�OLVW�RI�ZHHG�SUREOHPV�
�0DUVKDOO��������DQG�PRUH�UHFHQW�REVHUYDWLRQV�VXJJHVW�LW�LV�EHFRPLQJ�ZRUVH�LQ�DUHDV�VXFK�DV�
DURXQG�'XQHGLQ��3��+HHQDQ��SHUV��FRPP����
�
7XWVDQ�FHUWDLQO\�KDV�WKH�SRWHQWLDO�WR�EHFRPH�D�VHULRXV�FRQVHUYDWLRQ�ZHHG��2ZHQ�������
+RZHOO��������,W�KDV�D�µZHHGLQHVV�VFRUH¶�RI����RXW�RI����DQG�D�µELRORJLFDO�VXFFHVV�UDWLQJ¶�RI�
���RXW�RI�����ERWK�DW�WKH�KLJKHU��KHQFH�µZHHGLHU¶��UDQJH�IRU�ZHHGV�RQ�1HZ�=HDODQG�
FRQVHUYDWLRQ�ODQG��2ZHQ��������$������VXUYH\�RI�ZHHGV�RI�FRQVHUYDWLRQ�ODQG�GHWHUPLQHG�LWV�
QDWLRQDO�GLVWULEXWLRQ�VWDWXV�DV��µHVWDEOLVKHG��ZLGHO\�GLVWULEXWHG�WKURXJKRXW�1HZ�=HDODQG�DQG�
H[WHQGLQJ�LWV�UDQJH�LQWR�QHZ�KDELWDWV�DQG�DUHDV¶��,QGHHG�����RI�WKH����FRQVHUYDQFLHV�
SDUWLFLSDWLQJ�LQ�WKH�VXUYH\�KDYH�LGHQWLILHG�WXWVDQ�DV�DQ�HFRORJLFDO�ZHHG�WR�VRPH�GHJUHH�±�
ZKLOH�QRW�\HW�µDIIHFWLQJ�KLJK�FRQVHUYDWLRQ�YDOXHV«WKH�VSHFLHV��ZDV��WKRXJKW�WR�KDYH�WKH�
SRWHQWLDO�WR�GR�VR¶��2ZHQ��������7XWVDQ�LV�D�SUREOHP�LQ�UHJHQHUDWLQJ�IRUHVW��6XOOLYDQ�HW�DO��
�������,WV�ELRORJLFDO�VXFFHVV�LV�PDLQO\�DWWULEXWHG�WR�KLJK�VHHGLQJ�DELOLW\�SHU�SODQW��VHHGEDQN�
SHUVLVWHQFH�RI�!��\HDUV��DQG�LWV�WROHUDQFH�RI�VHPL�VKDGH�FRQGLWLRQV��KRW�RU�FROG�WHPSHUDWXUHV��
KLJK�WR�PRGHUDWH�UDLQIDOO��GDPDJH�DQG�JUD]LQJ��,Q�DGGLWLRQ��LWV�IOHVK\�IUXLWV�DUH�HIIHFWLYHO\�
GLVSHUVHG�E\�ELUGV��DQG�SRVVLEO\�DOVR�E\�JRDWV��SRVVXPV��DQG�VRLO�DQG�ZDWHU�PRYHPHQW�
�:KDWPDQ�������2ZHQ�������:HHG%XVWHUV��������
�
7XWVDQ�LV�GHVLJQDWHG�DQ�8QZDQWHG�2UJDQLVP�LQ�1HZ�=HDODQG�DQG�LV�OLVWHG�XQGHU�WKH�1DWLRQDO�
3HVW�3ODQW�$FFRUG��,W�LV�WKHUHIRUH�DQ�RIIHQFH�XQGHU�6HFWLRQV����DQG����RI�WKH�%LRVHFXULW\�$FW�
�������WR�NQRZLQJO\�SURSDJDWH��GLVWULEXWH��VSUHDG��VHOO��RIIHU�IRU�VDOH�RU�GLVSOD\�WXWVDQ�LQ�
1HZ�=HDODQG��0$)�%1=��������
�
���� %HQHILFLDO�XVHV�RI�WXWVDQ�
/LNH�PDQ\�RWKHU�VSHFLHV�LQ�WKH�JHQXV�+\SHULFXP��WXWVDQ�KDV�PHGLFLQDO�YDOXHV��,W�LV�ZLGHO\�
XVHG�LQ�IRON�PHGLFLQH�LQ�3RUWXJDO�DV�D�FKRODJRJXH��VWLPXODWHV�IORZ�RI�ELOH�IURP�WKH�OLYHU�WR�
WKH�LQWHVWLQHV���D�KHSDWRSURWHFWRU��D�GLXUHWLF�DQG�WR�WUHDW�NLGQH\�IDLOXUH��*XHGHV�HW�DO���������,Q�
,UDQ�WXWVDQ�LV�WUDGLWLRQDOO\�XVHG�IRU�WUHDWPHQW�RI�VNLQ�LQMXULHV�DQG�EXUQV��0RUWH]D�6HPQDQL�	�
6DHHGL��������
�
$�ORW�RI�UHVHDUFK�KDV�EHHQ�FRQGXFWHG�WR�H[SORUH�WKH�FKHPLFDOO\�LPSRUWDQW��RU�SRWHQWLDOO\�
LPSRUWDQW��FRPSRXQGV�RI�WXWVDQ��VRPH�H[DPSOHV�LQFOXGH�+DUJUHDY�HW�DO��������*XHGHV�HW�DO��
������9DOHQWmR�HW�DO��������6PHOFHURYLF�HW�DO����������VHH�DOVR�KWWS���VXQ�DUV�
JULQ�JRY������QSJVSXE�[VTO�GXNH�SOBDFW�[VTO"WD[RQ �������6RPH�UHFHQW�VWXGLHV�KDYH�VKRZQ�
WKDW�WXWVDQ�KDV�FRPSRXQGV�ZLWK�DQWLR[LGDQW��H�J��9DOHQWmR�HW�DO���������DQWLEDFWHULDO�
�0D]DQGDUDQL�HW�DO���������DQWLYLUDO��LQKLELWLQJ�YLUXV�UHSOLFDWLRQ��(UWXUN�HW�DO���������DQG�DQWL�
LQIODPPDWRU\��6DYLNLQ�HW�DO��������SURSHUWLHV��,Q�WKH�ELRFKHPLFDO�LQGXVWU\��WXWVDQ�FHOOV�DUH�
ZLGHO\�XVHG�WR�SURGXFH�FHOO�FXOWXUHV�IRU�YDULRXV�ELRDVVD\V��$EG�(O�0DZOD�	�%HHUKXHV�������
/LX�HW�DO��������3DUDQKRV��������,Q�WKH�DJULFXOWXUDO�VHFWRU��WXWVDQ�H[WUDFW�KDV�VKRZQ�VRPH�
SRWHQWLDO�DV�DQ�LQVHFWLFLGH��ERWK�DV�D�IHHGLQJ�UHSHOOHQW�DQG�E\�LQFUHDVLQJ�ODUYDO�PRUWDOLW\�RI�D�
OHSLGRSWHUDQ�SHVW�RI�SLVWDFKLR�LQ�7XUNH\��(UWXUN��������DQG�DV�D�QHPDWLFLGH��$O�%DQQD�HW�DO��
�������$GGLQJ�D�VPDOO�TXDQWLW\�RI�WXWVDQ�WR�IHHG�ZDV�FODLPHG�WR�LPSURYH�WKH�KHDOWK�RI�FDOYHV�
LQ�3RODQG��%RPELN�HW�DO������D��E���
�
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,Q�DGGLWLRQ��WXWVDQ�LV�VWLOO�YDOXHG�LQ�PDQ\�SODFHV�DV�DQ�RUQDPHQWDO�SODQW��H�J��%RHYUH�	�
%UDQGHU�������'HLVHU�	�(LFKLQ��������$SDUW�IURP�PLQRU�RUQDPHQWDO�YDOXH��WKHUH�DUH�
FXUUHQWO\�QR�RWKHU�EHQHILFLDO�XVHV�RI�WXWVDQ�LQ�1HZ�=HDODQG��DQG�WKHUHIRUH�QR�PDMRU�FRQIOLFWV�
RI�LQWHUHVW�DUH�H[SHFWHG�WR�DULVH�LI�D�ELRFRQWURO�SURJUDPPH�ZHUH�WR�EH�XQGHUWDNHQ��
�
���� +LVWRU\�RI�ELRORJLFDO�FRQWURO�RI�WXWVDQ�LQ�1HZ�=HDODQG�
%LRORJLFDO�FRQWURO�RI�WXWVDQ�LQ�1HZ�=HDODQG�ZDV�DWWHPSWHG�RSSRUWXQLVWLFDOO\�LQ�WKH�ODWH�
����V��XVLQJ�D�6W�-RKQ¶V�ZRUW�ELRFRQWURO�DJHQW�&KU\VROLQD�K\SHULFL��-XOLHQ�	�*ULIILWKV��������
:KHQ�WKH�EHHWOH�ZDV�LQWURGXFHG�IURP�$XVWUDOLD��QR�6W�-RKQ¶V�ZRUW�ZDV�DYDLODEOH�WR�IHHG�LW�LQ�
WKH�1HOVRQ�UHJLRQ��DQG�LW�ZDV�JLYHQ�WXWVDQ�LQVWHDG��ZKLFK�LW�FRQVXPHG�UHDGLO\��5HSRUWV�IURP�
2WDJR��WRR��LQGLFDWHG�WKDW�WXWVDQ�ZDV�DWWDFNHG�E\�WKH�EHHWOH�LQ�WKH�ILHOG��0LOOHU��������
6XEVHTXHQWO\��DQ�DWWHPSW�ZDV�PDGH�WR�UHOHDVH�&��K\SHULFL�LQ�DUHDV�ZKHUH�WXWVDQ�ZDV�
FRQVLGHUHG�D�SUREOHP��%HHWOHV�UHOHDVHG�LQ������LQ�DUHDV�ZLWK�ERWK�ZHHGV�DOO�IDLOHG�WR�DWWDFN�
WXWVDQ��%HHWOHV�UHOHDVHG�LQ������QHDU�/HYLQ�LQ�WKH�1RUWK�,VODQG�DQG�LQ�WKH�%XOOHU�*RUJH�LQ�WKH�
6RXWK�,VODQG�DWWDFNHG�WXWVDQ�YRUDFLRXVO\��EXW�KDG�GLVDSSHDUHG�E\�������0LOOHU��������7KH�
EHHWOHV�ZHUH�UHOHDVHG�DJDLQVW�WXWVDQ�EHWZHHQ������DQG������LQ�WKH�6RXWK�,VODQG��0DXQJDWXD�
�7DLHUL���*OHQKRSH��1HOVRQ���*UH\PRXWK��0DUOERURXJK�6RXQGV��%XOOHU�*RUJH�DQG�3XHUXD�
�%DOFOXWKD���DQG�LQ�WKH�1RUWK�,VODQG��'DQQHYLUNH��7H�.XLWL��1HZ�3O\PRXWK��*DODWHD��7DXSR��
5RWRUXD��7DNDSDX��0DUWRQ��:DLUDUDSD��8UXWL��,KDNDUD��/HYLQ���+DPLOWRQ��DQG�0DWDUDZD�
�*UH\WRZQ���0LOOHU��������
�
(DUO\�LQVWDU�ODUYDH�RI�&KU\VROLQD�VSS��VXIIHUHG�KLJK�PRUWDOLW\�ZKHQ�RIIHUHG�WXWVDQ�LQ�UHFHQW�
QR�FKRLFH�ODERUDWRU\�IHHGLQJ�H[SHULPHQWV��DQG�WKH�VXUYLYRUV¶�GHYHORSPHQW�ZDV�VHYHUHO\�
LPSHGHG��5��*URHQWHPDQ��XQSXEO��GDWD���,W�ZRXOG�DSSHDU�WKDW�WXWVDQ�LV�D�VXE�RSWLPDO�KRVW�IRU�
WKH�EHHWOHV��RQ�ZKLFK�WKH\�FDQQRW�SHUVLVW��DQG�H[SODLQV�ZK\�EHHWOHV�UHOHDVHG�RQ�WXWVDQ�LQ�WKH�
ODWH�����V�TXLFNO\�GLHG�RXW��
�
���� +LVWRU\�RI�ELRFRQWURO�RI�WXWVDQ�ZRUOGZLGH�
7KH�VWDWH�RI�9LFWRULD��LQ�$XVWUDOLD��LQLWLDWHG�D�ELRORJLFDO�FRQWURO�SURJUDPPH�DJDLQVW�WXWVDQ�LQ�
WKH�HDUO\�����V��7KLV�SURJUDPPH�ZDV�GLVFRQWLQXHG�DW�DQ�HDUO\�VWDJH��KRZHYHU��SULRU�WR�DQ\�
VXUYH\V�LQ�WKH�QDWLYH�UDQJH�RI�WKH�ZHHG�EHLQJ�FDUULHG�RXW��DIWHU�WKH�UXVW�IXQJXV�0HODPSVRUD�
K\SHULFRUXP��'H�&DQGROOH��:LQWHU�ZDV�GLVFRYHUHG�WR�KDYH�VHOI�LQWURGXFHG�WKHUH��:KLOH�WKH�
XVH�RI�0��K\SHULFRUXP�DV�D�ELRFRQWURO�DJHQW�KDV�JHQHUDWHG�PL[HG�UHVXOWV��WKH�IXQJXV�KDV�
ODUJHO\�VXFFHVVIXOO\�FRQWUROOHG�WXWVDQ�LQ�9LFWRULD��%UX]]HVH�	�3DVFRH�������0F/DUHQ�HW�DO��
������&DVRQDWR�HW�DO��������'DYLG�0F/DUHQ�SHUV��FRPP����
�
���� &XUUHQW�FRQWURO�PHWKRGV�
*UXEELQJ�LV�HIIHFWLYH�RYHU�OLPLWHG�WXWVDQ�LQIHVWDWLRQV��EXW�LPSUDFWLFDO�IRU�KHDY\�LQIHVWDWLRQV�
DQG�ZKHUH�FXOWLYDWLRQ�LV�GLIILFXOW��6F\WKLQJ�LV�QRW�HIIHFWLYH��EHFDXVH�WKH�SODQW�UHFRYHUV�TXLFNO\�
DIWHU�FXWWLQJ�DQG�LV�SHUHQQLDO��6\PH��������7XWVDQ�LV�WROHUDQW�UHVLVWDQW�WR�KRUPRQH�EDVHG�
ZHHG�NLOOHUV��H�J�����'���/\QFK�������:KDWPDQ��������6RPH�VXFFHVVIXO�FRQWURO�XVLQJ�WKH�
V\VWHPLF�KHUELFLGH�3LFORUDP��7RUGRQ���ZDV�UHSRUWHG�LQ�WKH�������3DWWHUVRQ�������������
0RIIDW��������KRZHYHU��WKLV�KHUELFLGH�KDV�DGYHUVH�HIIHFWV�RQ�FORYHU��3DWWHUVRQ��������������
&XUUHQW�FRQWURO�UHFRPPHQGDWLRQV�IRU�1HZ�=HDODQG�DUH��:HHG%XVWHUV��������
�
�
�
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•� 'LJ�RXW�VPDOO�VSRWV��/HDYH�RQ�VLWH�WR�URW�GRZQ��
•� &XW�GRZQ�DQG�SDLQW�VWXPS��VSULQJ±VXPPHU�RQO\���PHWVXOIHURQ�PHWK\O�����J�SHU�

NLORJUDP����J�SHU�OLWUH���
•� 6SUD\��1RYHPEHU±-DQXDU\���JO\SKRVDWH�����PO�SHU�OLWUH���SHQHWUDQW��RU�

PHWVXOIHURQ�PHWK\O�����J�SHU�NLORJUDP����J�SHU����/��RU�WULFORS\U�����(&�����PO�
SHU����/��RU�<DWHV�+\GURFRW\OH�.LOOHU������PO�SHU����/���

�
2YHUDOO�FXUUHQW�FRQYHQWLRQDO�FRQWURO�PHWKRGV�DUH�QRW�FRQVLGHUHG�WR�EH�VDWLVIDFWRU\��DQG�WKH�
ULVN�RI�UHLQYDVLRQ�LV�KLJK�GXH�WR�ELUG�DVVLVWHG�VHHG�GLVSHUVDO��
�
���� 3RWHQWLDO�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�ELRORJLFDO�FRQWURO�
%LRORJLFDO�FRQWURO�FRXOG�RIIHU�PDQ\�DGYDQWDJHV�RYHU�FXUUHQW�FRQWURO�PHWKRGV�IRU�WKH�
PDQDJHPHQW�RI�WXWVDQ��JLYHQ�WKH�GLIILFXOW\�RI�FRQWUROOLQJ�WKLV�ZHHG�E\�FRQYHQWLRQDO�PHDQV��
&ODVVLFDO�ELRORJLFDO�FRQWURO��LI�VXFFHVVIXO��LV�PRUH�FRVW�HIIHFWLYH�WKDQ�RWKHU�IRUPV�RI�FRQWURO�
DV�LW�RIIHUV�FRQWLQXRXV�DFWLRQ�DQG�VHOI�GLVSHUVDO�WR�DUHDV�WKDW�DUH�QRW�OLNHO\�WR�EH�WDUJHWHG�E\�
RWKHU�FRQWURO�SURJUDPPHV��%LRORJLFDO�FRQWURO�LV�DQ�DWWUDFWLYH�RSWLRQ�IRU�D�WDUJHW�ZHHG�VXFK�DV�
WXWVDQ�ZKLFK�LV�FXUUHQWO\�VSUHDGLQJ��DQG�KDV�\HW�WR�UHDFK�LWV�IXOO�ZHHG\�SRWHQWLDO��:HHGV�IRU�
ZKLFK�LW�LV�WRR�ODWH�WR�FRQVLGHU�HUDGLFDWLRQ��EXW�KDYH�QRW�\HW�EHFRPH�D�PDMRU�SUREOHP�DQG�
KDYH�WKH�SRWHQWLDO�WR�EHFRPH�RQH��DUH�RIWHQ�H[FHOOHQW�FDQGLGDWHV�IRU�ELRORJLFDO�FRQWURO��
8QIRUWXQDWHO\��UDUHO\�DUH�VXFK�GLVDVWHUV�LQ�WKH�PDNLQJ�WDUJHWHG�DW�DQ�HDUO\�VWDJH��'HOIRVVH�
�������
�
'HVSLWH�LWV�DGYDQWDJHV��ELRORJLFDO�FRQWURO�PD\�QRW�EH�D�µVLOYHU�EXOOHW¶��DOWKRXJK�UHFHQW�
DQDO\VHV�KDYH�LQGLFDWHG�WKH�VXFFHVV�UDWH�RI�ZHHG�ELRFRQWURO�SURJUDPPHV�KDV�EHHQ�JUHDWHU�
WKDQ�SUHYLRXVO\�VXSSRVHG��+RIIPDQQ�������0F)DG\HQ�������%ULHVH�������)RZOHU�HW�DO��
�������&RPSOHWH�VXFFHVVHV��ZKHUH�ELRORJLFDO�FRQWURO�LV�VR�GUDPDWLF�WKDW�QR�RWKHU�FRQWURO�
PHWKRGV�DUH�UHTXLUHG��RQO\�DFFRXQW�IRU�DSSUR[LPDWHO\�RQH�WKLUG�RI�DOO�FRPSOHWHG�SURJUDPPHV�
�0F)DG\HQ��������)XUWKHUPRUH��DOWKRXJK�ELRORJLFDO�FRQWURO�LV�RIWHQ�SHUFHLYHG�DV�DQ�
HQYLURQPHQWDOO\�EHQLJQ�DOWHUQDWLYH�WR�FKHPLFDOV��WKHUH�KDYH�EHHQ�UHFHQWO\�UHSRUWHG�FDVHV�RI�
GDPDJH�WR�QRQ�WDUJHW�SODQWV��H�J��/RXGD�HW�DO���������1HYHUWKHOHVV��WKH�ULVN�RI�IDLOXUH�DQG�WKH�
LPSDFWV�RI�QRQ�WDUJHW�DWWDFN�DUH�OLNHO\�WR�EH�PLQRU�FRPSDUHG�ZLWK�WKH�SRWHQWLDO�EHQHILWV��)RU�
H[DPSOH��3D\QWHU�DQG�)ODQDJDQ��������VKRZHG�WKDW��RI�WKH�ZHHG�ELRFRQWURO�SURJUDPPHV�WKDW�
GLG�QRW�GHOLYHU�µFRPSOHWH¶�FRQWURO��PRVW�UHVXOWHG�LQ�µVXEVWDQWLDO¶�RU�µSDUWLDO¶�FRQWURO��L�H��
ZKHUH�ELRORJLFDO�FRQWURO�FRQWULEXWHV�WR�PDQDJHPHQW��EXW�RWKHU�FRQWURO�PHWKRGV�DUH�VWLOO�
UHTXLUHG�WR�DFKLHYH�DGHTXDWH�FRQWURO���([DPSOHV�RI�µSDUWLDO�FRQWURO¶�LQ�1HZ�=HDODQG��OLVWHG�E\�
)RZOHU�HW�DO��������LQFOXGH�DOOLJDWRU�ZHHG�$OWHUQDQWKHUD�SKLOR[HURLGHV��ZKHUH�ELRFRQWURO�RI�
IORDWLQJ�ZHHG�PDWV�LV�VXFFHVVIXO��EXW�DJHQWV�GR�QRW�DWWDFN�WHUUHVWULDO�LQIHVWDWLRQV��DQG�UDJZRUW�
-DFREDHD�YXOJDULV��H[FHOOHQW�FRQWURO�LQ�PDQ\�UHJLRQV��EXW�QRW�LQ�KLJK�UDLQIDOO�DUHDV�VXFK�DV�
WKH�ZHVW�FRDVW�RI�WKH�6RXWK�,VODQG���µ)DLOXUH¶��L�H��DQ�LQDELOLW\�WR�ILQG�RU�HVWDEOLVK�FRQWURO�
RUJDQLVPV��RU�DQ�DEVHQFH�RI�DJHQW�LPSDFW��LV�D�UDUH�RXWFRPH�RI�ZHHG�ELRFRQWURO�SURJUDPPHV�
�3D\QWHU�	�)ODQDJDQ�������DQG�RIWHQ�WKH�UHVXOW�RI�IXQGLQJ�UXQQLQJ�RXW�EHIRUH�DOO�RSWLRQV�KDYH�
EHHQ�DGHTXDWHO\�H[KDXVWHG��
�
)XUWKHUPRUH��GDWD�RQ�KRVW�XVH�E\�����LQVHFWV��WKUHH�IXQJL��DQG�RQH�PLWH�LQGLFDWHG�WKDW�
YLUWXDOO\�DOO�ULVN�RI�QRQ�WDUJHW�DWWDFN�LV�ERUQH�E\�QDWLYH�SODQW�VSHFLHV�FORVHO\�UHODWHG�WR�WKH�
WDUJHW�ZHHGV��DQG�WKDW�WKH�ULVN�WR�QDWLYH�IORUD�FDQ�EH�MXGJHG�UHOLDEO\�EHIRUH�LQWURGXFWLRQ�
�3HPEHUWRQ��������6LPLODUO\��D�VXUYH\�LQ�1HZ�=HDODQG�LQGLFDWHG�WKDW�WKH�RYHUDOO�UHOLDELOLW\�RI�
KRVW�UDQJH�WHVWLQJ�LQ�SDVW�ZHHG�ELRFRQWURO�SURJUDPPHV�ZDV�KLJK��2QO\�WZR�FDVHV�RI�QRQ�
WDUJHW�DWWDFN�ZHUH�UHFRUGHG�RQ�QDWLYH�SODQW�VSHFLHV��ERWK�H[DPSOHV�ZHUH�RI�SODQWV�YHU\�FORVHO\�

99



��

/DQGFDUH�5HVHDUFK�

UHODWHG�WR�WKH�WDUJHW�ZHHGV��ERWK�H[DPSOHV�ZHUH�SUHGLFWDEOH�IURP�KRVW�UDQJH�WHVWLQJ��DQG�LQ�
ERWK�FDVHV�WKH�LPSDFWV�RI�QRQ�WDUJHW�DWWDFN�ZHUH�PLQRU��3D\QWHU�HW�DO���������������
�
0RUHRYHU��D�UHFHQW�HFRQRPLF�DQDO\VLV�LQGLFDWHG�WKDW�WKH�RYHUDOO�ZHHG�ELRFRQWURO�SURJUDPPHV�
SURYLGHG�D�VWURQJO\�SRVLWLYH�UHWXUQ�RQ�LQYHVWPHQW��ZLWK�EHQHILWV�SURYLGHG�E\�WKH�SURJUDPPHV�
IDU�RXWZHLJKLQJ�WKH�WRWDO�FRVWV��IRU�HYHU\�GROODU�LQYHVWHG�LQ�ZHHG�ELRFRQWURO�LQ�$XVWUDOLD��D�
EHQHILW�RI��������LV�JHQHUDWHG��3DJH�	�/DFH\��������
�
���� 3UHGLFWLQJ�HVWDEOLVKPHQW�RI�ELRFRQWURO�DJHQWV�
5HOLDEO\�SUHGLFWLQJ�WKH�OLNHOLKRRG�RI�HVWDEOLVKPHQW�DQG�LPSDFWV�RI�LQWURGXFHG�DUWKURSRGV�DQG�
SDWKRJHQV�RQ�SODQW�SRSXODWLRQV�KDV�ORQJ�EHHQ�D�JRDO�RI�ZHHG�ELRORJLFDO�FRQWURO�SURJUDPPHV��
5HVHDUFK�KDV�EHHQ�FRQGXFWHG�WR�GHWHUPLQH�WKH�LPSRUWDQFH�RI�ERWK�UHOHDVH�VL]H��H�J��0HPPRWW�
HW�DO��������������DQG�FOLPDWH�PDWFKLQJ��H�J��YDQ�.OLQNHQ�HW�DO����������
�
7KH�EHVW�FXUUHQW�SUHGLFWRU�RI�HVWDEOLVKPHQW�VXFFHVV�RI�QHZ�RUJDQLVPV�LV�WKH�QXPEHU�DQG�VL]H�
RI�UHOHDVHV��,Q�1HZ�=HDODQG��ZHHG�ELRFRQWURO�DJHQW�HVWDEOLVKPHQW�UDWHV�DUH�QRZ�YHU\�KLJK��
ODUJHO\�GXH�WR�WKH�H[WHQVLYH�WHFKQRORJ\�WUDQVIHU�SURJUDPPH�WKDW�/DQGFDUH�5HVHDUFK�RSHUDWHV�
ZLWK�UHJLRQDO�FRXQFLOV��FRPPXQLW\�DQG�IDUPHU�JURXSV��WKH�'HSDUWPHQW�RI�&RQVHUYDWLRQ��DQG�
IRUHVWU\�FRPSDQLHV��)RZOHU�HW�DO��������+D\HV��������7KLV�DSSURDFK�DOORZV�QXPHURXV�
UHOHDVHV�RI�ELRFRQWURO�DJHQWV�WR�TXLFNO\�EH�PDGH�DW�PDQ\�VLWHV��
�
)XUWKHUPRUH��LQ�D�EURDG�VHQVH��FOLPDWH�PDWFKLQJ�VKRXOG�UDUHO\�EH�SUREOHPDWLF�EHFDXVH�FR�
HYROYHG�ZHHG�ELRFRQWURO�DJHQWV�VKRXOG��JHQHUDOO\��EH�DGDSWHG�WR�WKH�VDPH�FOLPDWLF�FRQGLWLRQV�
DV�WKRVH�WR�ZKLFK�WKHLU�KRVW�SODQWV�DUH�DGDSWHG��+RZHYHU��YDQ�.OLQNHQ�HW�DO���������QRWHG�WKDW�
FOLPDWH�EHFDPH�DQ�LVVXH�ZKHQ�DJHQWV�ZHUH�FROOHFWHG�IURP�D�UHVWULFWHG�SDUW�RI�WKH�UDQJH�RI�D�
SODQW�VSHFLHV�WKDW�RFFXUV�RYHU�D�ZLGH�UDQJH�RI�FOLPDWLF�DQG�HFRORJLFDO�FRQGLWLRQV��D�VLPLODU�
VFHQDULR�FRXOG�DOVR�RFFXU�LI�WKH�QDWLYH�GLVWULEXWLRQ�RI�D�SODQW�ZDV�UHVWULFWHG��FRPSDUHG�ZLWK�LWV�
LQWURGXFHG�UDQJH���3UREOHPV�PD\�DOVR�DULVH�LI�WKH�WDUJHW�FRXQWU\�KDV�DQ�XQXVXDO�FOLPDWH�WKDW�
WKH�SODQW�FDQ�WROHUDWH�EXW�LQ�ZKLFK�WKH�DJHQW�VWUXJJOHV��*LYHQ�WKH�YDVW�QDWLYH�UDQJH�RI�WXWVDQ��LW�
ZRXOG�EH�SUXGHQW�WR�FKRRVH�DJHQWV�WKDW�DUH�DGDSWHG�WR�UHJLRQV�ZKHUH�WKH�FOLPDWH�LV�PRVW�
VLPLODU�WR�1HZ�=HDODQG��7KHUHIRUH��IRU�ERWK�FOLPDWLF�DQG�ORJLVWLFDO�UHDVRQV��WKH�UHODWLYHO\�
PLOG�FOLPDWLF�UHJLRQV�RI�:HVWHUQ�(XURSH�ZRXOG�DSSHDU�WR�EH�D�PRUH�SURPLVLQJ�DUHD�LQ�ZKLFK�
WR�FRQGXFW�QDWLYH�UDQJH�VXUYH\V�WKDQ��IRU�H[DPSOH��QRUWK�ZHVW�$IULFD��&OLPDWH�PDWFKLQJ�
FRXOG�EH�IXUWKHU�UHILQHG�E\��IRU�H[DPSOH��XVLQJ�FOLPDWH�PDWFKLQJ�VRIWZDUH��H�J��&/,0(;���
EXW�PD\�VWLOO�UHTXLUH�D�GHWDLOHG�XQGHUVWDQGLQJ�RI�DJHQW�ELRORJ\�WR�EH�DEOH�WR�FOLPDWH�PDWFK�LQ�
GHWDLO��
�
���� 3UHGLFWLQJ�LPSDFW�RI�ELRFRQWURO�DJHQWV�
(VWLPDWLQJ�WKH�OLNHO\�LPSDFW�RI�DQ�H[RWLF�RUJDQLVP�LQ�D�QHZ�HQYLURQPHQW�LV�PRUH�FKDOOHQJLQJ�
WKDQ�SUHGLFWLQJ�WKH�OLNHOLKRRG�RI�HVWDEOLVKPHQW��,Q�DGGLWLRQ�WR�FOLPDWH�PDWFKLQJ��DQ�RUJDQLVP�
ZLOO�IDFH�D�KRVW�RI�RWKHU�IDFWRUV��VXFK�DV�SUHGDWLRQ��SDUDVLWLVP�DQG�FRPSHWLWLRQ��WKDW�PLJKW�
DIIHFW�LWV�DELOLW\�WR�WKULYH�LQ�D�QHZ�HQYLURQPHQW��DV�ZHOO�DV�WKH�DELOLW\�RI�LWV�KRVW�SODQW�WR�
FRPSHQVDWH�IRU�DWWDFN��)XUWKHUPRUH��LQIRUPDWLRQ�UHJDUGLQJ�WKH�JURZWK�RI�WXWVDQ�LQ�
1HZ�=HDODQG�FRPSDUHG�ZLWK�WKH�QDWLYH�UDQJH�LV�ODFNLQJ��DV�LV�LQIRUPDWLRQ�UHJDUGLQJ�WKH�
LPSDFW�RI�SDWKRJHQV�DQG�LQYHUWHEUDWH�KHUELYRU\�RQ�WXWVDQ�LQ�WKH�QDWLYH�UDQJH��7KLV��KRZHYHU��
LV�QRW�XQXVXDO�EHIRUH�EHJLQQLQJ�D�ZHHG�ELRORJLFDO�FRQWURO�SURJUDPPH��
�
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'HQRWK�HW�DO���������IRXQG�WKDW�WKH�VXFFHVV�RI�ELRORJLFDO�FRQWURO�DJDLQVW�ZHHGV�LQFUHDVHG�ZLWK�
WKH�QXPEHU�RI�DJHQWV�UHOHDVHG��DOWKRXJK�WKH\�DUJXHG�WKDW�WKLV�UHVXOW�PLJKW�EH�EHFDXVH�RI�WKH�
OLNHOLKRRG�WKDW�WKH�PRVW�GDPDJLQJ�VSHFLHV�LV�UHOHDVHG�LQFUHDVHV�ZLWK�WKH�QXPEHU�RI�DJHQWV�
UHOHDVHG��ORWWHU\�PRGHO���UDWKHU�WKDQ�WKH�FXPXODWLYH�LPSDFW�RI�PXOWLSOH�QDWXUDO�HQHPLHV��
&HUWDLQO\��VSHFWDFXODU�ELRFRQWURO�VXFFHVVHV�KDYH�EHHQ�DFKLHYHG�ZLWK�RQO\�RQH�DJHQW��'HQRWK�
HW�DO��������DQG�D�FKDOOHQJH�IRU�ELRFRQWURO�SUDFWLWLRQHUV�LV�WR�LGHQWLI\�WKH�DJHQW�V��WKDW�DUH�
PRVW�OLNHO\�WR�LPSDFW�RQ�ZHHG�SRSXODWLRQV��
�
&UDZOH\��������DQG�&KDUXGDWWDQ��������UHYLHZHG��UHVSHFWLYHO\��WKH�XVH�RI�LQVHFW�DQG�SODQW�
SDWKRJHQLF�IXQJL�LQ�ZHHG�ELRORJLFDO�FRQWURO��&UDZOH\�VKRZHG�WKDW�FHUWDLQ�LQVHFW�JURXSV�KDYH�
SURYHG�PRUH�VXFFHVVIXO�DW�UHGXFLQJ�KRVW�SODQW�DEXQGDQFH�WKDQ�RWKHUV��IRU�H[DPSOH��a����RI�
UHOHDVHV�RI�LQVHFWV�LQ�WKH�'DFW\ORSLLGDH��FRFKLQHDO�LQVHFWV���&XUFXOLRQLGDH��ZHHYLOV��DQG�
&KU\VRPHOLGDH��OHDI�EHHWOHV��WKDW�HVWDEOLVKHG�UHVXOWHG�LQ�PDUNHG�RU�FRPSOHWH�FRQWURO�RI�WKH�
WDUJHW�ZHHG��ZKHUHDV�DOO�WKH�SURJUDPPHV�WKDW�VXFFHVVIXOO\�HVWDEOLVKHG�LQVHFWV�LQ�WKH�
&HUDPE\FLGDH��ORQJKRUQ�EHHWOHV�����H[DPSOHV���&RUHLGDH��OHDI�IRRWHG�EXJV����H[DPSOHV��DQG�
&DUSRVLQLGDH��IUXLWZRUP�PRWKV����H[DPSOHV��IDLOHG�WR�FRQWURO�WKHLU�WDUJHW�SODQWV��WDEOH����
&UDZOH\��������
�
:HHG�ELRFRQWURO�DJHQWV��HVSHFLDOO\�UXVW�IXQJL��FDQ�EH�VR�VSHFLDOLVHG�WKDW�WKH\�VKRZ�KRVW�
VSHFLILFLW\�ZLWKLQ�D�JLYHQ�SODQW�VSHFLHV��0DWFKLQJ�WKH�WDUJHW�KRVW¶V�VXVFHSWLELOLW\�ZLWK�WKH�
FDQGLGDWH�SDWKRJHQ¶V�YLUXOHQFH�LV�RI�XWPRVW�LPSRUWDQFH�IRU�ELRFRQWURO�VXFFHVV�ZLWK�VRPH�
DJHQWV��+RVW±SDWKRJHQ�LQWHUDFWLRQV�DW�WKH�VSHFLHV�DQG�VXEVSHFLHV�OHYHOV�DUH�RIWHQ�JRYHUQHG�E\�
VLQJOH�JHQH�GLIIHUHQFHV�LQ�UXVWV��H�J��YDULHWDO�VSHFLILFLW\��&KDUXGDWWDQ��������)RU�H[DPSOH��
HIILFDF\�RI�WKH�VNHOHWRQZHHG�UXVW�IXQJXV�3XFFLQLD�FKRQGULOOLQD�YDULHV�IURP�ORZ�WR�KLJK��
GHSHQGLQJ�RQ�WKH�IRUP�RI�WKH�ZHHG��%XUGRQ�HW�DO���������(ULRSK\LG�PLWHV�FDQ�VKRZ�VLPLODU�
OHYHOV�RI�VSHFLILFLW\��DW�OHDVW�RQH�ELRW\SH�RI�6W�-RKQ¶V�ZRUW�+\SHULFXP�SHUIRUDWXP�DSSHDUV�WR�
EH�UHVLVWDQW�WR�WKH�HULRSK\LG�PLWH�$FXOXV�K\SHULFL�LQ�$XVWUDOLD��0D\R�	�5RXVK��������)RU�
FHUWDLQ�FDQGLGDWH�DJHQWV��WR�IDFLOLWDWH�ILQGLQJ�WKH�FRUUHFW�ELRW\SH�V��LW�ZRXOG�EH�SUXGHQW�WR�
GHWHUPLQH�ZKLFK�VXEVSHFLHV�DQG�IRUPV�RI�D�ZHHG�DUH�SUHVHQW�LQ�WKH�LQWURGXFHG�UDQJH��WKHUHE\�
UHGXFLQJ�WKH�SRWHQWLDO�IRU�KRVW�SODQW�UHVLVWDQFH��7KLV�FDQ�LQYROYH�WKH�XVH�RI�PROHFXODU�
WHFKQLTXHV�WR�GHWHUPLQH�WKH�RULJLQ�RI�D�ZHHG��6RPH�VWXGLHV�KDYH�XVHG�D�FKHDSHU�PHWKRG�RI�
GLUHFWO\�WHVWLQJ�WKH�VXVFHSWLELOLW\�RI�D�ZHHG�WR�FDQGLGDWH�DJHQW�VSHFLHV�E\�SODQWLQJ�RXW�µWUDS�
SODQWV¶�FROOHFWHG�LQ�WKH�ZHHGV¶�LQWURGXFHG�UDQJH�DQG�PRQLWRULQJ�GDPDJH�WR�WKHP�LQ�WKH�QDWLYH�
UDQJH��
�
)LQDOO\��&KDUXGDWWDQ��������DOVR�FRQFOXGHG�WKDW�WKH�VWDNHKROGHUV¶�SHUFHSWLRQV�RI�WKH�
HIIHFWLYHQHVV�RI�D�ELRORJLFDO�FRQWURO�SURJUDPPH�FDQ�EH�XQSUHGLFWDEOH��OHDGLQJ�WR�FRQIOLFWLQJ�
YLHZV�RI�µVXFFHVV¶��7KH�DLPV�RI�D�ELRORJLFDO�FRQWURO�SURJUDPPH�DJDLQVW�WXWVDQ�VKRXOG�
WKHUHIRUH�EH�FOHDUO\�GHILQHG�IURP�WKH�RXWVHW��VR�WKDW�VXFFHVV�RU�IDLOXUH�FDQ�EH�DVVHVVHG�
REMHFWLYHO\�DJDLQVW�D�ZHOO�GHILQHG�JRDO��
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��� 2EMHFWLYHV�

�
•� 5HYLHZ�WKH�OLWHUDWXUH�WR�LGHQWLI\�SRWHQWLDO�ELRFRQWURO�DJHQWV�IRU�WXWVDQ�DQG�DVVHVV�WKH�

IHDVLELOLW\�RI�WKHLU�UHOHDVH�LQ�1HZ�=HDODQG��
•� $VVHVV�WKH�SURVSHFWV�RI�DFKLHYLQJ�VXFFHVVIXO�ELRORJFLDO�FRQWURO�RI�WXWVDQ�LQ�1HZ�=HDODQG��
•� (VWLPDWH�WKH�FRVWV�UHODWHG�WR�WKH�SURJUDPPH�IRU�ELRORJLFDO�FRQWURO�RI�WXWVDQ�LQ�

1HZ�=HDODQG��
�

��� 0HWKRGV�

�
���� ,GHQWLI\LQJ�IXQJDO�SDWKRJHQV�RI�WXWVDQ�
$�WDEOH�ZDV�FRPSLOHG�RI�WKH�IXQJL�WKDW�KDYH�EHHQ�UHSRUWHG�WR�EH�DVVRFLDWHG�ZLWK�WXWVDQ��7KH�
LQIRUPDWLRQ�ZDV�REWDLQHG�E\�VHDUFKLQJ�RQOLQH�GDWDEDVHV�DQG�,QWHUQHW�VLWHV��2QOLQH�GDWDEDVHV�
VHDUFKHG�ZHUH��

•� 86'$�)XQJXV�KRVW�GDWDEDVH�RU�)'60��ZKLFK�LQFOXGHV�PRVW�1HZ�=HDODQG�SODQW�
GLVHDVH�UHFRUGV���KWWS���QW�DUV�
JULQ�JRY�IXQJDOGDWDEDVHV�IXQJXVKRVW�)XQJXV+RVW�FIP�

•� )XQJDO�5HFRUGV�'DWDEDVH�RI�%ULWDLQ�DQG�,UHODQG�RU�)5'%,��&RRSHU��������
KWWS���ZZZ�ILHOGP\FRORJ\�QHW�)5'%,�DVVRF�DVS�

•� ,0,�IXQJDO�KHUEDULXP��&$%,�%LRVFLHQFH�������
KWWS�����������������KHUE,0,�LQGH[�KWP�

•� 1HZ�=HDODQG�IXQJL�DQG�EDFWHULD�GDWDEDVH�RU�1=)81*,��/DQGFDUH�5HVHDUFK�
�������KWWS���Q]IXQJL�ODQGFDUHUHVHDUFK�FR�Q]�KWPO�P\FRORJ\�DVS��WKLV�GDWDEDVH�
ZDV�DOVR�XVHG�WR�GHWHUPLQH�ZKLFK�VSHFLHV�ZHUH�DOUHDG\�SUHVHQW�LQ�1HZ�=HDODQG�

�
,Q�DGGLWLRQ��&$%�DEVWUDFWV��&XUUHQW�&RQWHQWV��,6,�3URFHHGLQJV��:HE�RI�6FLHQFH��$JULFROD��
6FLHQFH�'LUHFW��*RRJOH�DQG�*RRJOH�6FKRODU�ZHUH�VHDUFKHG��XVLQJ�WKH�WHUPV�³+\SHULFXP�
DQGURVDHPXP�RU�WXWVDQ´�DQG�VXE�VHDUFKHG�XVLQJ�WKH�WHUPV�³SDWKRJHQ
�RU�IXQJ
´��2QFH�D�OLVW�
KDG�EHHQ�FUHDWHG��IXUWKHU�LQIRUPDWLRQ�DERXW�HDFK�IXQJXV�ZDV�VRXJKW�LQ�WKH�SXEOLVKHG�
OLWHUDWXUH�DV�ZHOO�DV�LQ�WKH�IROORZLQJ�RQOLQH�GDWDEDVHV��

•� ,QGH[�)XQJRUXP�GDWDEDVH��,QGH[�)XQJRUXP��������
KWWS���ZZZ�LQGH[IXQJRUXP�RUJ�1DPHV�1DPHV�DVS�

•� *OREDO�%LRGLYHUVLW\�,QIRUPDWLRQ�)DFLOLW\�RU�*%,)��*OREDO�%LRGLYHUVLW\�
,QIRUPDWLRQ�)DFLOLW\��������KWWS���GDWD�JELI�RUJ�VSHFLHV��

�
���� ,GHQWLI\LQJ�DUWKURSRG�ELRFRQWURO�DJHQWV�IRU�WXWVDQ�
8QOLNH�IRU�IXQJDO�SDWKRJHQV��FRPSUHKHQVLYH�RQOLQH�GDWDEDVHV�IRU�DOO�DUWKURSRG�KHUELYRUHV�GR�
QRW�H[LVW��+RZHYHU��WKH�IROORZLQJ�GDWDEDVHV�ZHUH�VHDUFKHG��

•� )RU�/HSLGRSWHUD��WKH�1DWXUDO�+LVWRU\�0XVHXP¶V�ZRUOG�OLVWLQJ��1DWXUDO�+LVWRU\�
0XVHXP�/RQGRQ��������KWWS���ZZZ�QKP�DF�XN�MGVPO�UHVHDUFK�
FXUDWLRQ�UHVHDUFK�SURMHFWV�KRVWSODQWV��
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•� 'DWDEDVH�RI�,QVHFWV�DQG�7KHLU�)RRG�3ODQWV�%LRORJLFDO�5HFRUGV�&HQWUH��8.��
�%LRORJLFDO�5HFRUGV�&HQWUH��%5&��������
KWWS���ZZZ�EUF�DF�XN�GELI�,QWHUSUHWLQJBIRRGSODQWBUHFRUGV�DVS[�

•� 3ODQW�6\1=��KWWS���ZZZ�FURS�FUL�Q]�KRPH�SODQW�V\Q]�GDWDEDVH�KRVWSODQW�SKS��
�QR�UHFRUGV�IRXQG���

�
,Q�DGGLWLRQ��&$%�DEVWUDFWV��&XUUHQW�&RQWHQWV��,6,�3URFHHGLQJV��:HE�RI�6FLHQFH��$JULFROD��
6FLHQFH�'LUHFW��*RRJOH�DQG�*RRJOH�6FKRODU�ZHUH�VHDUFKHG�XVLQJ�WKH�WHUPV�³+\SHULFXP�
DQGURVDHPXP�RU�WXWVDQ´�DQG�VXE�VHDUFKHG�XVLQJ�WKH�WHUPV�³LQYHUWHEUDWH
�RU�KHUELYRU
´��
&KHFNOLVWV�RI�1HZ�=HDODQG�IDXQD�ZHUH�UHIHUUHG�WR��WR�GHWHUPLQH�ZKHWKHU�DQ\�RI�WKH�VSHFLHV�
UHFRUGHG�IHHGLQJ�RQ�LQIHFWLQJ�WXWVDQ�DOUHDG\�RFFXU�LQ�1HZ�=HDODQG��
�

��� 5HVXOWV�

�
([WHQVLYH�VHDUFKHV�RI�WKH�OLWHUDWXUH�DQG�RQOLQH�GDWDEDVHV�\LHOGHG�YHU\�IHZ�UHFRUGV�RI�
RUJDQLVPV�DWWDFNLQJ�WXWVDQ��7KLV�FRXOG�UHIOHFW�VFDUFLW\�RI�KHUELYRUHV�DQG�SDWKRJHQV�DWWDFNLQJ�
WXWVDQ��EXW�LW�FRXOG�DOVR�UHIOHFW�ODFN�RI�LQWHUHVW�LQ�WXWVDQ�RQ�EHKDOI�RI�HQWRPRORJLVWV�DQG�SODQW�
SDWKRORJLVWV��DQG�FRQVHTXHQWO\�D�SRWHQWLDO�DUUD\�RI�DJHQWV�WR�GLVFRYHU��$OO�EXW�RQH�RI�WKH�
RUJDQLVPV�UHFRUGHG�IURP�WXWVDQ�ZHUH�QRW�VSHFLILF�WR�WKLV�VSHFLHV��
�
���� )XQJL�
2QO\����VSHFLHV�RI�IXQJL�KDYH�EHHQ�UHSRUWHG�WR�EH�DVVRFLDWHG�ZLWK�WXWVDQ��VHH�$SSHQGL[�����
2QH�RI�WKHVH�ZDV�DQ�HQGRSK\WH��ZKLFK�GRHV�QRW�FDXVH�GLVHDVH�V\PSWRPV��VHH�DOVR�VHFWLRQ�����
EHORZ���6L[�RI�WKH�IXQJDO�VSHFLHV�FRXOG�QRW�EH�FRQVLGHUHG�IRU�FODVVLFDO�ELRORJLFDO�FRQWURO��
HLWKHU�EHFDXVH�WKHLU�KRVW�UDQJH�LV�WRR�EURDG�RU�WKH\�DUH�XQOLNHO\�WR�EH�VXIILFLHQWO\�GDPDJLQJ��
�
)RXU�RWKHU�SDWKRJHQV�PD\�KROG�VRPH�SRWHQWLDO�DV�ELRFRQWURO�DJHQWV��7KH�SRZGHU\�PLOGHZ�
(U\VLSKH�K\SHULFL��:DOOHU���)U��ZDV�UHFRUGHG�IURP�WXWVDQ�LQ�WKH�8.��,W�DWWDFNV�YDULRXV�
+\SHULFXP�VSHFLHV��DQG�LV�FRQVLGHUHG�D�WURXEOHVRPH�GLVHDVH�RI�+��SHUIRUDWXP�ZKHUH�WKH�ODWWHU�
LV�FXOWLYDWHG�IRU�LWV�PHGLFLQDO�YDOXHV��WR�WKH�GHJUHH�WKDW�LW�LV�WUHDWHG�ZLWK�IXQJLFLGHV��H�J��
5DGDLWLHQs�HW�DO��������=LPRZVND��������,W�PD\�EH�ZRUWKZKLOH�LQYHVWLJDWLQJ�ZKHWKHU�D�VWUDLQ�
VSHFLILF�WR�WXWVDQ�H[LVWV�DQG�KRZ�YLUXOHQW�LW�PD\�EH��
�
$QRWKHU�SRZGHU\�PLOGHZ��/HYHLOOXOD�JXWWLIHUDUXP�*RORYLQ��KDV�RQO\�EHHQ�UHFRUGHG�IURP�
+\SHULFXP�DQGURVDHPXP��+��KHOLDQWKHPRLGHV�DQG�+��VFDEUXP��7KH�IDFW�WKDW�LW�KDV�QRW�EHHQ�
UHFRUGHG�IURP�WKH�KLJKO\�VWXGLHG�+��SHUIRUDWXP�VXJJHVWV��SHUKDSV��D�QDUURZHU�KRVW�UDQJH�WKDQ�
WKDW�RI�RWKHU�IXQJDO�SDWKRJHQV�UHVWULFWHG�WR�WKH�JHQXV�+\SHULFXP��7KHUH�LV�QR�LQIRUPDWLRQ�
UHJDUGLQJ�WKH�YLUXOHQFH�RI�WKLV�SDWKRJHQ��7KH�QDWLYH�UDQJH�RI�/��JXWWLIHUDUXP��7XUNPHQLVWDQ��
,UDQ��PDNHV�LW�SHUKDSV�QRW�WKH�HDVLHVW�WR�SXUVXH�DQG�QRW�ZHOO�PDWFKHG�WR�1HZ�=HDODQG�
FOLPDWH��VR�SUREDEO\�QRW�ZRUWK�LQYHVWLJDWLQJ�IXUWKHU��
�
7KH�EURZQ�OHDI�VSRW�'LSORFHUDV�K\SHULFLQXP��&HV���'LHG��ZDV�UHFRUGHG�IURP�WXWVDQ�LQ�
1HZ�=HDODQG��$XFNODQG�5HJLRQ��DQG�-DSDQ��DQG�LQ�WKH�1HWKHUODQGV�LQ�WKH�IRUP�RI�3HVWDORWLD�
K\SHULFLQD��,W�DWWDFNV�RWKHU�+\SHULFXP�VSHFLHV�DQG�FDQ�FDXVH�VHYHUH�GLHEDFN�LQ�
+��SHUIRUDWXP��7KH�YLUXOHQFH�RI�WKLV�SDWKRJHQ�WR�WXWVDQ�LQ�1HZ�=HDODQG�LV�QRW�NQRZQ��EXW�
FRXOG�UHODWLYHO\�HDVLO\�EH�WHVWHG�IURP�WKH�FXOWXUH�KHOG�LQ�WKH�,QWHUQDWLRQDO�&ROOHFWLRQ�RI�
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0LFUR�RUJDQLVPV�IURP�3ODQWV��,&03��DW�/DQGFDUH�5HVHDUFK�LQ�$XFNODQG��,W�KDV�WR�EH�QRWHG�
WKRXJK�WKDW��LQ�WKH�1HWKHUODQGV��FRQGLWLRQV�RI�QHDUO\������UHODWLYH�KXPLGLW\�ZHUH�QHFHVVDU\�
WR�FUHDWH�LQIHFWLRQ�RQ�WXWVDQ�LQ�WKH�ODERUDWRU\��9DQ�.HVWHUHQ�������VR�FRQGLWLRQV�IRU�QDWXUDO�
LQIHFWLRQ�LQ�WKH�ILHOG�PLJKW�UDUHO\�EH�PHW��'HYHORSLQJ�WKLV�SDWKRJHQ�LQWR�D�ELRKHUELFLGH�LV�DQ�
DYHQXH�WKDW�FRXOG�SRWHQWLDOO\�EH�H[SORUHG�WR�RYHUFRPH�WKLV�OLPLWDWLRQ��KRZHYHU��WKLV�LV�DQ�
H[SHQVLYH�SDWKZD\�ZKLFK�LV�XQOLNHO\�WR�EH�HFRQRPLFDOO\�YLDEOH�LQ�WKH�FDVH�RI�WXWVDQ��*LYHQ�
WKHUH�LV�DOVR�WKH�SUREOHP�RI�DFFHVVLQJ�PDQ\�LQIHVWDWLRQV�ZLWK�PDFKLQHU\��D�ELRKHUELFLGH�
RSWLRQ�EDVHG�RQ�WKLV�IXQJXV�LV�DOVR�SUREDEO\�QRW�ZRUWK�LQYHVWLJDWLQJ�IXUWKHU��
�
)LQDOO\��WKH�UXVW�0HODPSVRUD�K\SHULFRUXP��GH�&DQGROOH��:LQWHU��ZDV�WKH�PRVW�FRPPRQ�
VSHFLHV�UHFRUGHG�IURP�WXWVDQ��LQFOXGLQJ�LQ�1HZ�=HDODQG��5HFRUGV�IURP�(XURSH�LQFOXGH�
+��SHUIRUDWXP�DV�D�KRVW��DOWKRXJK�WKLV�KDV�QHYHU�EHHQ�REVHUYHG�LQ�1HZ�=HDODQG��0HODPSVRUD�
K\SHULFRUXP�ZDV�ILUVW�UHFRUGHG�LQ�1HZ�=HDODQG�LQ�������IURP�WXWVDQ�LQ�WKH�:HOOLQJWRQ�
5HJLRQ��%DNHU��������(DUO\�GLVWULEXWLRQ�LQ�1HZ�=HDODQG�LQFOXGHG�+DPLOWRQ��5DJODQ��8SSHU�
+XWW��$NDWDUDZD�DQG�0W��)\IIH�LQ�������DQG�&KULVWFKXUFK��$NDURD��'XQHGLQ��3RUW�&KDOPHUV��
6WHZDUW�,V�DQG�&KDWKDP�,V�E\�������%DNHU��������,W�LV�XQFOHDU�KRZ�WKH�IXQJXV�KDV�DUULYHG�
KHUH��DQG�LWV�HIIHFWLYHQHVV�LQ�FRQWUROOLQJ�WXWVDQ�LV�YDULDEOH��%DNHU�������:KDWPDQ���������
�
0HODPSVRUD�K\SHULFRUXP�ZDV�DOVR�IRXQG�LQ�$XVWUDOLD��EXW�PXFK�ODWHU��,W�ZDV�ILUVW�UHFRUGHG�LQ�
9LFWRULD�LQ�������DQG�E\������KDG�DOUHDG\�VKRZQ�SKHQRPHQDO�SRWHQWLDO�DV�D�ELRFRQWURO�DJHQW�
RI�WXWVDQ��%UX]]HVH�	�3DVFRH��������,W�LV�DOVR�QRW�NQRZQ�KRZ�0��K\SHULFRUXP�HQWHUHG�
$XVWUDOLD��0F/DUHQ�HW�DO���������$SSDUHQWO\��0��K\SHULFRUXP�ZDV�FRQVLGHUHG�D�SRWHQWLDO�
DJHQW�IRU�LQWURGXFWLRQ�WR�$XVWUDOLD�DJDLQVW�WXWVDQ��EXW�WKH�SURJUDPPH�DJDLQVW�WKLV�ZHHG�ZDV�
DEDQGRQHG�DQG�WKH�LQWURGXFWLRQ�ZDV�QHYHU�SXUVXHG�RIILFLDOO\��%UX]]HVH�	�3DVFRH��������
2QFH�D�YHU\�FRPPRQ�DQG�LQYDVLYH�ZHHG�LQ�VRXWK�ZHVWHUQ�9LFWRULD��E\������WXWVDQ�ZDV�
GLIILFXOW�WR�ILQG�LQ�WKDW�UHJLRQ��UHVXOWLQJ�LQ�µSRVVLEO\�WKH�PRVW�VSHFWDFXODUO\�VXFFHVVIXO�
H[DPSOH�RI�ZHHG�ELRFRQWURO�HYHU�ZLWQHVVHG�LQ�9LFWRULD¶��0F/DUHQ�HW�DO���������
�
)XUWKHU�DWWHPSWV�WR�XVH�WKH�UXVW�DV�D�ELRFRQWURO�DJHQW�KDG�PL[HG�UHVXOWV��ZLWK�VRPH�WXWVDQ�
SRSXODWLRQV�LQ�WKH�ILHOG�QRW�EHFRPLQJ�LQIHFWHG�DW�VLWHV�RI�GHOLEHUDWH�UXVW�LQWURGXFWLRQ�
�&DVRQDWR�HW�DO���������&DVRQDWR�HW�DO���������IRXQG�JHQHWLF�YDULDWLRQ�EHWZHHQ�SRSXODWLRQV�RI�
WXWVDQ�WKDW�VKRZHG�YDULDEOH�LQIHFWLRQ�LQ�WKH�ILHOG��DQG�WKHLU�H[SHULPHQWDO�UHVXOWV�VXJJHVW�WKDW�
LQWULQVLF�UHVLVWDQFH��UDWKHU�WKDQ�HQYLURQPHQWDO�IDFWRUV��RI�VRPH�WXWVDQ�SRSXODWLRQV�DUH�
UHVSRQVLEOH�IRU�WKH�GLIIHULQJ�GHJUHH�RI�VXVFHSWLELOLW\�WR�WKH�UXVW��,Q�DGGLWLRQ��WKH\�VXJJHVW�WKDW�
HQYLURQPHQWDO�FRQGLWLRQV�DOVR�SOD\�D�OHVVHU�UROH��ZLWK�LQIHFWLRQ�RFFXULQJ�RQO\�RYHU�D�YHU\�
QDUURZ�UDQJH�RI�WHPSHUDWXUHV��
�
)XUWKHUPRUH��WKH\�IRXQG�YDULDWLRQ�LQ�YLUXOHQFH�EHWZHHQ�LVRODWHV�RI�WKH�UXVW�IURP�IRXU�GLIIHUHQW�
VLWHV�VRXUFHV�LQ�9LFWRULD��,QWHUHVWLQJO\��WKH�LVRODWH�GHULYHG�IURP�WKH�RULJLQDO�UXVW�IRXQG�LQ�
������DQG�ZKLFK�SURYHG�KLJKO\�VXFFHVVIXO�LQ�FRQWUROOLQJ�WXWVDQ�LQ�WKDW�DUHD��WRRN�ORQJHVW�WR�
LQIHFW�WHVW�SODQWV��DQG�UHVXOWHG�LQ�ORZ�VHYHULW\�RI�GLVHDVH�V\PSWRPV��7KH�DXWKRUV�VXJJHVW�WKDW�
SURORQJHG�FXOWXULQJ�RI�WKH�SDWKRJHQ�PD\�KDYH�UHVXOWHG�LQ�GHFUHDVHG�YLUXOHQFH��
�
7KH�DGGHG�FRPSOH[LW\�RI�QHHGLQJ�FRPSDWLELOLW\�EHWZHHQ�JHQRW\SHV�DQG�VWUDLQV�RI�IXQJDO�
SDWKRJHQV�DQG�WKHLU�ZHHG\�KRVWV�FDQ�SURYH�GHWULPHQWDO�WR�WKH�VXFFHVV�RI�D�ELRORJLFDO�FRQWURO�
SURJUDPPH��&KDUXGDWWDQ��������7KH�ILQGLQJV�IURP�$XVWUDOLD�VXJJHVW�WKDW�DV�SDUW�RI�D�
ELRORJLFDO�FRQWURO�SURJUDPPH�DJDLQVW�WXWVDQ�LQ�1HZ�=HDODQG�LW�VKRXOG�EH�GHWHUPLQHG�ZKDW�
VWUDLQV�RI�WXWVDQ�DQG�0��K\SHULFRUXP�DUH�SUHVHQW�KHUH�DQG�KRZ�WKH\�FRPSDUH�WR�WKRVH�NQRZQ�
IURP�$XVWUDOLD��7KH�K\SRWKHVLV�WKDW�REVHUYHG�YDULDWLRQ�LQ�WKH�LPSDFW�RI�WKH�UXVW�DJDLQVW�WXWVDQ�
LV�DWWULEXWHG�WR�JHQHWLF�YDULDELOLW\�RI�WKH�ZHHG��WKH�UXVW��RU�ERWK�VKRXOG�EH�H[DPLQHG��,Q�
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DGGLWLRQ��LI�UXVW�VWUDLQV�SUHVHQW�LQ�$XVWUDOLD�DUH�DEVHQW�IURP�1HZ�=HDODQG��WKHLU�YLUXOHQFH�
DJDLQVW�1HZ�=HDODQG�WXWVDQ�VKRXOG�EH�WHVWHG�LI�QRW�DOUHDG\�NQRZQ��L�H��LI�1HZ�=HDODQG�KDV�
GLIIHUHQW�VWUDLQV�RI�WXWVDQ�WRR���
�
$OWKRXJK�D�IHZ�VSHFLHV�RI�UXVW�IXQJL�H[KLELW�D�ZLGH�KRVW�UDQJH��PDQ\�H[KLELW�D�QDUURZ�KRVW�
UDQJH�UHVWULFWHG�WR�D�VLQJOH�KRVW�IDPLO\��JHQXV�RU�VSHFLHV��0F.HQ]LH��������6DPSOHV�RI�
0��K\SHULFRUXP�FROOHFWHG�IURP�WXWVDQ�LQ�$XVWUDOLD�IDLOHG�WR�LQIHFW�6W�-RKQ¶V�:RUW�
�+��SHUIRUDWXP��D�UHFRUGHG�KRVW�IRU�0��K\SHULFRUXP��%ULHVH��������DQG�D�QXUVHU\�LQ�WKH�DUHD�
LQ�ZKLFK�WKH�UXVW�ZDV�ILUVW�UHFRUGHG�IURP�LQ�9LFWRULD�UHSRUWHG�QR�VLJQV�RI�DWWDFN�RQ�WKH�QDWLYH�
+��JUDPLQHXP��DOO�LPSO\LQJ�WKDW�0��K\SHULFRUXP�LV�H[WUHPHO\�VSHFLILF�WR�WXWVDQ��0F/DUHQ�
HW�DO���������
�
$�UHFHQW�VDPSOH�RI�0��K\SHULFRUXP�FROOHFWHG�IURP�WXWVDQ�IURP�:HVWODQG��1HZ�=HDODQG��ZDV�
IRXQG�WR�EH�LQIHVWHG�ZLWK�D�K\SHUSDUDVLWH��(XGDUOXFD�FDULFLV��%LY���2��(��(ULNVV���WKH�
WHOHRPRUSK�OLIHVWDJH�RI�6SKDHUHOORSVLV�ILOXP��7KLV�K\SHUSDUDVLWLF�IXQJXV�ZDV�FROOHFWHG�LQ�
1HZ�=HDODQG�DV�HDUO\�DV�WKH�����V��,W�LV�ZLGHVSUHDG�DQG�KDV�D�YHU\�ZLGH�KRVW�UDQJH�RQ�
VHYHUDO�JHQHUD�RI�UXVWV��(�+�&��0F.HQ]LH��SHUV��FRPP����7KLV�K\SHUSDUDVLWH�LQIHFWV�H[RWLF�
UXVWV��H�J��EODFNEHUU\�UXVW�3KUDJPLGLXP�YLRODFHXP��DV�ZHOO�DV�QDWLYH�UXVWV��H�J��WRHWRH�UXVW�
8UHGR�WRHWRH���,WV�DEXQGDQFH�DQG�LPSDFW�RQ�0��K\SHULFRUXP�LV�QRW�NQRZQ��
�
���� $UWKURSRGV�
2QO\�QLQH�VSHFLHV�RI�LQVHFWV�KDYH�EHHQ�UHFRUGHG�IURP�WXWVDQ��IRXU�RI�ZKLFK�FDQ�EH�
LPPHGLDWHO\�SUHFOXGHG�DV�SRWHQWLDO�DJHQWV�GXH�WKH�EUHDGWK�RI�WKHLU�KRVW�UDQJH��$SSHQGL[�����
�
7KH�UHPDLQLQJ�ILYH�LQVHFW�VSHFLHV�DUH�ROLJRSKDJRXV��EXW�UHVWULFWHG�WR�WKH�JHQXV�+\SHULFXP��
:KLOH�DOO�ILYH�VSHFLHV�KDYH�EHHQ�UHFRUGHG�IURP�WXWVDQ��WKHVH�UHFRUGV�DUH�IHZ�DQG�
RXWQXPEHUHG�E\�UHFRUGV�IURP�RWKHU�+\SHULFXP�VSHFLHV��SUHGRPLQDQWO\�+��SHUIRUDWXP��)RXU�
RI�WKHVH�VSHFLHV�DUH�FKU\VRPHOLG�EHHWOHV��WZR�RI�ZKLFK��&KU\VROLQD�TXDGULJHPLQD�6XIIULDQ�
DQG�&KU\VROLQD�K\SHULFL�)RUVWHU��KDYH�EHHQ�LQWURGXFHG�WR�1HZ�=HDODQG�DV�ELRFRQWURO�DJHQWV�
DJDLQVW�+��SHUIRUDWXP�DQG�DUH�ZHOO�HVWDEOLVKHG�WKURXJKRXW�WKH�FRXQWU\��7KHLU�SHUIRUPDQFH�RQ�
WXWVDQ�LV�SRRU��VHH�VHFWLRQ�����DERYH���$�WKLUG�FKU\VRPHOLG��&KU\VROLQD�YDULDQV�6FKDOOHU��KDG�
EHHQ�LPSRUWHG�WR�$XVWUDOLD�DQG�WR�1RUWK�$PHULFD�DV�D�ELRFRQWURO�DJHQW�DJDLQVW�+��SHUIRUDWXP��
DQG�IDLOHG�WR�HVWDEOLVK��&XUULH�	�*DUWKVLGH�������&XUULH�	�)\IH�������&RRPEV�HW�DO���������
,QWHUHVWLQJO\��D�6SDQLVK�VRXUFH�WKDW�PHQWLRQV�WXWVDQ�DQG�+��SXOFKUXP�DV�KRVWV�RI�&��YDULDQV�
GRHV�QRW�H[SOLFLWO\�WUHDW�+��SHUIRUDWXP�DV�D�KRVW��6DQ�9LFHQWH��������:KHWKHU�WKH�6SDQLVK�
&��YDULDQV�LV�D�ELRW\SH�DGDSWHG�WR�WXWVDQ�LV�SHUKDSV�DQ�DYHQXH�WR�SXUVXH��([SHULPHQWV�LQ�
(XURSH�LQGLFDWHG�WKDW�WKH�IRXUWK�FKU\VRPHOLG��&U\SWRFHSKDOXV�PRUDHL�/���WKULYHV�RQ�
+��SHUIRUDWXP�EXW�QRW�RQ�WXWVDQ��7LOO\DUG��������
�
7KXV��QR�SRWHQWLDO�DUWKURSRG�FDQGLGDWHV�FRXOG�EH�LGHQWLILHG�IURP�WKH�DYDLODEOH�UHVRXUFHV��DQG�
LW�LV�FOHDU�WKDW�H[WHQVLYH�VXUYH\V�RI�WKH�QDWLYH�UDQJH�ZRXOG�EH�UHTXLUHG��
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��� ,VVXHV�IRU�)XWXUH�%LRORJLFDO�&RQWURO�3URJUDPPH�DJDLQVW�7XWVDQ�LQ�
1HZ�=HDODQG�

�
���� &ORVHO\�UHODWHG�LQGLJHQRXV�IORUD�
*URXSV�WKDW�DUH�WD[RQRPLFDOO\�FORVH�WR�D�SHVW�DUH�PRVW�OLNHO\�WR�VXIIHU�IURP�QRQ�WDUJHW�HIIHFWV��
PRUH�VSHFLILFDOO\�IRU�ZHHG�ELRFRQWURO��QRQ�WDUJHW�GDPDJH�LV�PRVW�OLNHO\�IRU�SODQWV�WKDW�EHORQJ�
LQ�WKH�VDPH�JHQXV�RU�WULEH�DV�WKH�WDUJHW�ZHHG��3HPEHUWRQ�������6WURQJ�	�3HPEHUWRQ�������
/RXGD�HW�DO���������,Q�1HZ�=HDODQG�WKHUH�DUH�IRXU�LQGLJHQRXV�VSHFLHV�LQ�WKH�JHQXV�+\SHULFXP�
�:HEE�HW�DO��������+HHQDQ��������

•� +��JUDPLQHXP�)RUVW��QDWLYH�WR�1HZ�=HDODQG��$XVWUDOLD��7DVPDQLD�DQG�1HZ�
&DOHGRQLD�

•� +��SXVLOOXP�&KRLV\��QDWLYH�WR�1HZ�=HDODQG��$XVWUDOLD�DQG�7DVPDQLD��
•� +��UXELFXQGXOXP�+HHQDQ��HQGHPLF�WR�WKH�6RXWK�,VODQG�RI�1HZ�=HDODQG��DQG�

NQRZQ�IURP�RQH�ORFDOLW\�LQ�WKH�1RUWK�,VODQG��DQG�FRQVLGHUHG�QDWXUDOO\�
XQFRPPRQ�

•� +��PLQXWLIORUXP�+HHQDQ��HQGHPLF�WR�1HZ�=HDODQG��UHVWULFWHG�WR�WKH�FHQWUDO�1RUWK�
,VODQG�9ROFDQLF�3ODWHDX�DQG�FRQVLGHUHG�QDWLRQDOO\�FULWLFDOO\�HQGDQJHUHG�

�
7KH�ODWWHU�WKUHH�VSHFLHV�ZHUH�SUHYLRXVO\�SODFHG�XQGHU�+��MDSRQLFXP�7KXQE���EXW�KDYH�UHFHQWO\�
EHHQ�UHYLVHG��+HHQDQ��������7KHUH�DUH�QR�RWKHU�LQGLJHQRXV�UHSUHVHQWDWLYHV�LQ�WKH�&OXVLDFHDH�
IDPLO\�KHUH��
�
$�KLJK�GHJUHH�RI�KRVW�VSHFLILFLW\�ZRXOG�EH�UHTXLUHG�RI�DQ\�DJHQW�LQWURGXFHG�DJDLQVW�WXWVDQ��LI�
ZH�ZHUH�WR�DYRLG�VLJQLILFDQW�QRQ�WDUJHW�ULVNV�WR�WKH�LQGLJHQRXV�+\SHULFXP�VSHFLHV��,Q�
DGGLWLRQ��VHYHUDO�RWKHU�H[RWLF�+\SHULFXP�VSHFLHV�DUH�JURZQ�LQ�1HZ�=HDODQG¶V�JDUGHQV��VRPH�
RI�ZKLFK��LQFOXGLQJ�+��FDO\FLQXP��5RVH�RI�6KDURQ��ZLGHO\�SODQWHG�DV�JURXQG�FRYHU�LQ�WUDIILF�
LVODQGV��IRUPV�GHQVH�PDWV�ZKLFK�SUHYHQW�HVWDEOLVKPHQW�RI�DGYHQWLYH�DQG�LQGLJHQRXV�SODQWV�
OLNHZLVH���KDYH�QDWXUDOLVHG�DQG�DUH�JURZLQJ�LQ�WKH�ZLOG�LQ�SDUWV�RI�WKH�FRXQWU\��+HDO\�������
:HEE�HW�DO���������
�
���� $VVRFLDWHG�HQGRSK\WHV�
(QGRSK\WHV�DUH�V\PELRWLF�RUJDQLVPV��RIWHQ�IXQJL�RU�EDFWHULD��WKDW�LQYDGH�OLYLQJ�SODQWV�DQG�
FRORQLVH�WKHP�ZLWKRXW�FDXVLQJ�DQ\�GLVHDVH�V\PSWRPV��DW�OHDVW�IRU�SDUW�RI�WKH�SODQW¶V�OLIH�
F\FOH��,Q�PDQ\�FDVHV�WKH�LQWHUDFWLRQ�LV�PXWXDOLVWLF��WKH�HQGRSK\WHV�REWDLQ�QXWULHQWV�IURP�WKH�
KRVW�SODQW��DQG�LQ�UHWXUQ�SURYLGH�UHVLVWDQFH�RU�WROHUDQFH�WR�DELRWLF�VWUHVVHV�VXFK�DV�GURXJKW��DV�
ZHOO�DV�SURWHFWLRQ�IURP�ELRWLF�VWUHVVHV�VXFK�DV�GLVHDVHV�DQG�KHUELYRU\�E\�ERWK�LQVHFWV�DQG�
JUD]LQJ�DQLPDOV��H�J��2PDFLQL�HW�DO��������DQG�UHYLHZHG�E\�&OD\�	�6FKDUGO�������DQG�E\�
6HORVVH�HW�DO���������7KH�UROH�HQGRSK\WHV�PD\�SOD\�LQ�HQKDQFLQJ�LQYDVLYHQHVV�RI�DOLHQ�SODQWV�
�HVSHFLDOO\�JUDVVHV��H�J��&OD\�	�+RODK�������5XGJHUV�HW�DO��������DQG�LQ�OLPLWLQJ�VXFFHVV�RI�
FODVVLFDO�ELRORJLFDO�FRQWURO�RI�ZHHGV�LV�FXUUHQWO\�EHLQJ�LQWHQVHO\�UHVHDUFKHG��H�J��(YDQV�������
�
,Q�GLFRW\OHGRQRXV�SODQWV��WXWVDQ�LV�RQH��HQGRSK\WHV�DUH�WUDQVPLWWHG�KRUL]RQWDOO\��L�H��IURP�RQH�
LQGLYLGXDO�WR�DQ�XQUHODWHG�LQGLYLGXDO��6LQFH�PRVW�LQWURGXFWLRQV�RI�GLFRW\OHGRQV�DUH�IURP�VHHG��
LW�LV�KLJKO\�XQOLNHO\�WKDW�VSHFLDOLVHG�DQG�RU�FR�HYROYHG�HQGRSK\WHV�ZRXOG�EH�FDUULHG�LQWR�QHZ�
HFRV\VWHPV�ZLWK�WKHLU�KRVWV��+RZHYHU��GLFRW\OHGRQV�PD\�DFTXLUH�JHQHUDOLVW�PXWXDOLVWV�LQ�WKH�
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H[RWLF�UDQJH�WKDW�FRXOG�IXOILO�VLPLODU�UROHV��,W�LV�VXJJHVWHG�WKDW�WKH�UHOHDVH�RI�GLFRW\OHGRQV�
IURP�WKHLU�PXWXDOLVWLF�HQGRSK\WHV�LQ�D�QHZ�HQYLURQPHQW�IUHHV�XS�UHVRXUFHV�IRU�LQFUHDVHG�
JURZWK�DQG�UHSURGXFWLRQ��UHVXOWLQJ�LQ�HQKDQFHG�ILWQHVV��HVSHFLDOO\�LQ�WKH�DEVHQFH�RI�FR�
HYROYHG�QDWXUDO�HQHPLHV��,Q�VXFK�FDVHV��WKHLU�YXOQHUDELOLW\�WR�WKHLU�FR�HYROYHG�QDWXUDO�HQHPLHV�
LV�H[SHFWHG�WR�EH�JUHDWHU�WKDQ�LQ�WKHLU�QDWLYH�UDQJH��DQG�WKH�LQWURGXFWLRQ�RI�VXFK�QDWXUDO�
HQHPLHV�FRXOG�UHVXOW�LQ�SKHQRPHQDOO\�VXFFHVVIXO�FRQWURO��(YDQV��������
�
7XWVDQ�LQ�-DSDQ�ZDV�IRXQG�WR�EH�DVVRFLDWHG�ZLWK�D�JHQHUDOLVW�HQGRSK\WLF�IXQJXV��*XLJQDUGLD�
HQGRSK\OOLFROD�2NDQH��1DNDJLUL�	�,WR��2NDQH�HW�DO���������:KLOH�WKLV�HQGRSK\WH�KDV�QRW�EHHQ�
UHFRUGHG�IURP�1HZ�=HDODQG��LWV�DQDPRUSK��3K\OORVWLFWD�FDSLWDOHQVLV��ZDV�FROOHFWHG�LQ�WKH�
3DFLILF�ULP��/DQGFDUH�5HVHDUFK�������DQG�PD\�ZHOO�EH�SUHVHQW�1HZ�=HDODQG�XQQRWLFHG�
�6��%HOOJDUG��SHUV��FRPP����,W�ZRXOG�EH�SUXGHQW�WR�WHVW�ZKHWKHU�WXWVDQ�LQ�1HZ�=HDODQG�KDV�
DFTXLUHG�*��HQGRSK\OOLFROD�RU�DQ\�LQGLJHQRXV�JHQHUDOLVW�HQGRSK\WLF�PXWXDOLVWV��DQG�DVVHVV�WKH�
SRWHQWLDO�HIIHFW�VXFK�DVVRFLDWLRQV�FRXOG�KDYH�RQ�WXWVDQ�ELRFRQWURO��
�

��� &RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV�

�
���� 3URVSHFWV�IRU�DFKLHYLQJ�ELRORJLFDO�FRQWURO�RI�WXWVDQ�LQ�1HZ�=HDODQG�
,QIRUPDWLRQ�IURP�WKH�OLWHUDWXUH�DQG�RQOLQH�UHVRXUFHV�DERXW�SURVSHFWLYH�ELRFRQWURO�DJHQWV�IRU�
WXWVDQ�LV�IDLUO\�VOLP��DQG�PDNHV�LW�GLIILFXOW�WR�DVVHVV�WKH�SURVSHFWV�RI�VXFFHVVIXO�ELRORJLFDO�
FRQWURO�DW�WKLV�WLPH���+RZHYHU��LW�LV�FOHDU�WKDW�WXWVDQ�KDV�QHYHU�EHHQ�WKH�WDUJHW�RI�DQ\�H[WHQVLYH�
VXUYH\V��DQG�LW�LV�SRVVLEOH�WKDW�D�VXLWH�RI�SRWHQWLDOO\�XVHIXO�DJHQWV�ZRXOG�EH�GLVFRYHUHG�VKRXOG�
VXFK�D�VXUYH\�WDNH�SODFH��6XUYH\V�ZRXOG�QHHG�WR�EH�XQGHUWDNHQ�EHIRUH�WKH�SURVSHFWV�IRU�
ELRFRQWURO�RI�WXWVDQ�FRXOG�EH�PRUH�DFFXUDWHO\�SUHGLFWHG��
�
6LQFH�QR�SURJUDPPH�DJDLQVW�WXWVDQ�H[LVWV�RYHUVHDV�D�1HZ�=HDODQG�SURJUDPPH�ZRXOG�KDYH�WR�
VWDUW�IURP�VFUDWFK��7KH�FRVW�WKHUHIRUH�LV�OLNHO\�WR�EH�DW�WKH�KLJKHU�HQG�RI�WKH�UDQJH�IRU�
ELRFRQWURO�SURJUDPPHV��L�H����P����DVVXPLQJ�VXLWDEOH�SURVSHFWLYH�DJHQWV�FRXOG�EH�IRXQG��
�
7KH�JHQXV�+\SHULFXP�KDV�IRXU�LQGLJHQRXV�UHSUHVHQWDWLYHV�LQ�1HZ�=HDODQG��RI�ZKLFK�WZR�DUH�
HQGHPLF�DQG�RQH�LV�KLJKO\�WKUHDWHQHG��7KHUHIRUH��KLJKO\�VSHFLILF�DJHQWV�DUH�OLNHO\�WR�EH�
UHTXLUHG��
�
2SSRVLWLRQ�WR�ELRORJLFDO�FRQWURO�RI�WXWVDQ�LV�XQOLNHO\��,W�LV�QRW�JURZQ�KHUH�IRU�PHGLFLQDO�
SXUSRVHV��QRU�LV�LW�KLJKO\�YDOXHG�DV�D�JDUGHQ�SODQW��,W�LV�KLJKO\�XQSDODWDEOH�WR�VWRFN�DQG�
WKHUHIRUH�QRW�YDOXHG�IRU�IRGGHU��QRU�LV�LW�YDOXHG�IRU�EHHNHHSLQJ��
�
,Q�D�VLJQLILFDQW�SDUW�RI�LWV�UDQJH�LQ�1HZ�=HDODQG��WXWVDQ�LV�D�SUREOHP�RQ�KLOO�FRXQWU\��EXVK�
PDUJLQV�DQG�FRQVHUYDWLRQ�ODQG��ZKHUH�PHFKDQLFDO�DQG�FKHPLFDO�FRQWURO�PHWKRGV�DUH�
LPSUDFWLFDO��7KHUHIRUH��ELRKHUELFLGHV�DUH�QRW�OLNHO\�WR�EH�D�SUDFWLFDO��RU�HFRQRPLF��VROXWLRQ�
DQG�DUH�WKHUHIRUH�QRW�UHFRPPHQGHG�DV�DQ�DYHQXH�RI�IXWXUH�UHVHDUFK�IRU�WKLV�ZHHG��
�
���� 5HFRPPHQGDWLRQV�
•� 8QGHUWDNH�D�VXUYH\�RI�WKH�QDWXUDO�HQHPLHV�RI�WXWVDQ�LQ�1HZ�=HDODQG�WR�FKHFN�WKH�

HQGRSK\WH�VWDWXV�RI�WKH�SODQW��ORRN�IRU�DQ\�SRWHQWLDO�ELRFRQWURO�DJHQWV�QRW�QRWLFHG�WR�GDWH��
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DQG�DQ\�VSHFLHV�OLYLQJ�RQ�WKH�SODQW��VXFK�DV�SUHGDWRUV��WKDW�PLJKW�LQWHUIHUH�ZLWK�SRWHQWLDO�
ELRFRQWURO�DJHQWV��1RWH�WKLV�EDVHOLQH�LQIRUPDWLRQ�LV�YLWDO�IRU�DQ\�VXEVHTXHQW�DSSOLFDWLRQ�
WR�UHOHDVH�DQ\�QHZ�ELRFRQWURO�DJHQWV��$OVR�FROOHFW�SODQW�DQG�0��K\SHULFRUXP�UXVW�VDPSOHV�
IRU�FRPSDUDWLYH�'1$�VWXGLHV��(VWLPDWHG�FRVW����������

•� 8QGHUWDNH�VWXGLHV�WR�FRPSDUH�WKH�'1$�RI�WXWVDQ�DQG�0��K\SHULFRUXP�UXVW�ZLWK�
$XVWUDOLDQ�PDWHULDO��(VWLPDWHG�FRVW��������±���������

•� ,I�UXVW�VWUDLQV�DUH�SUHVHQW�LQ�$XVWUDOLD�RQO\�WKDW�PLJKW�EH�XVHIXO�DJDLQVW�1HZ�=HDODQG�
WXWVDQ�XQGHUWDNH�WHVWV�WR�GHWHUPLQH�WKHLU�DELOLW\�WR�LQIHFW�DQG�GDPDJH�1HZ�=HDODQG�WXWVDQ��
(VWLPDWHG�FRVW��������±���������

•� $QDO\VH�FRVWV�DQG�EHQHILWV�H[SHFWHG�IURP�ELRORJLFDO�FRQWURO�RI�WXWVDQ�LQ�1HZ�=HDODQG�LQ�
FRPSDULVRQ�WR�FRQYHQWLRQDO�FRQWURO�PHWKRGV��1RWH�WKLV�EDVHOLQH�LQIRUPDWLRQ�LV�YLWDO�IRU�
DQ\�VXEVHTXHQW�DSSOLFDWLRQ�WR�UHOHDVH�DQ\�QHZ�ELRFRQWURO�DJHQWV��(VWLPDWHG�FRVW�
�������±���������

•� 6XUYH\�WXWVDQ�DW�VHOHFWHG�ORFDWLRQV�LQ�WKH�QDWLYH�UDQJH�DQG�SUHSDUH�D�SULRULWLVHG�OLVW�RI�
DJHQWV�IRU�IXUWKHU�VWXG\�DQG�KRVW�UDQJH�WHVWLQJ��$SSUR[LPDWH�FRVW�RI���������LI�
VXEFRQWUDFWHG�WR�&$%,�DQG�OLPLWHG�WR�(XURSH��([WHQGLQJ�WKH�VHDUFK�WR�RWKHU�SDUWV�RI�WKH�
QDWLYH�UDQJH�ZRXOG�LQFXU�DGGLWLRQDO�FRVWV��OLNHO\�DQRWKHU��������±�����������

•� 8QGHUWDNH�KRVW�UDQJH�WHVWLQJ�RI�SRWHQWLDO�DJHQWV��(VWLPDWHG�FRVW��������±���������SHU�
DJHQW��

•� ,I�WHVWLQJ�VKRZV�DJHQWV�DUH�VXLWDEOH��DSSO\�WR�UHOHDVH�WKHP�LQ�1HZ�=HDODQG��(VWLPDWHG�
FRVW��������±���������IRU�RQH�RU�PRUH�VSHFLHV��

•� 0DVV�UHDU�DQG�UHOHDVH�DJHQWV��(VWLPDWHG�FRVW��������±���������SHU�VSHFLHV��
�
1RWH�HVWLPDWHG�FRVWV�DUH�H[FOXVLYH�RI�*67�DQG�DUH�EDVHG�RQ���������ILJXUHV��1HZ�HVWLPDWHV�
ZLOO�QHHG�WR�EH�SURYLGHG�LI�ZRUN�LV�WR�EH�XQGHUWDNHQ�EH\RQG�WKRVH�GDWHV��
�

��� $FNQRZOHGJHPHQWV�

�
,�WKDQN�+XJK�*RXUOD\�IRU�FRQVWUXFWLYH�GLVFXVVLRQV�DQG�IRU�FRPPHQWV�RQ�DQ�HDUOLHU�YHUVLRQ�RI�
WKLV�UHSRUW��6WDQ�%HOOJDUG��(ULF�0F.HQ]LH��6HRQD�&DVRQDWR�DQG�'DYH�0F/DUHQ�IRU�
LQIRUPDWLRQ�DQG�DVVLVWDQFH��7RPDV�(DVGDOH�IRU�WUDQVODWLRQ�IURP�6SDQLVK�DQG�$OH[�
*URHQWHPDQ�IRU�WUDQVODWLRQ�IURP�'XWFK��7KLV�UHSRUW�ZDV�IXQGHG�E\�WKH�6XVWDLQDEOH�)DUPLQJ�
)XQG��&RQWUDFW�QR���������������
�
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��� 5HIHUHQFHV�

�
$EG�(O�0DZOD�$0$��%HHUKXHV�/�������%HQ]RLF�DFLG�ELRV\QWKHVLV�LQ�FHOO�FXOWXUHV�RI�

+\SHULFXP�DQGURVDHPXP��3ODQWD���������±�����
$O�%DQQD�/��'DUZLVK�50��$EXUMDL�7�������(IIHFW�RI�SODQW�H[WUDFWV�DQG�HVVHQWLDO�RLOV�RQ�URRW�

NQRW�QHPDWRGH��3K\WRSDWKRORJLD�0HGLWHUUDQHD��������±�����
$OOHQ�5%��3DUWULGJH�75��/HH�:*��(IIRUG�0�������(FRORJ\�RI�.XQ]HD�HULFRLGHV��$��5LFK���-��

7KRPSVRQ��NDQXND��LQ�HDVW�2WDJR��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\�����
���±�����

$XNHPD�%��%RV�)��+HUPHV�'��=HLQVWUD�3�������:DQWVHQ�YDQ�GH�1HGHUODQGVH�ZDGGHQHLODQGHQ�
LL��+HPLSWHUD��+HWHURSWHUD���1HGHUODQGVH�)DXQLVWLVFKH�0HGHGHOLQJHQ�������±�����

$XVWLQ�0%��1RHO�$-3�������7KH�FKDOFRQH�V\QWKDVH�VXSHUIDPLO\�RI�W\SH�,,,�SRO\NHWLGH�
V\QWKDVHV��1DWXUDO�3URGXFW�5HSRUWV����������±�����

%DJQDOO�5*��2JOH�&&�������7KH�FKDQJLQJ�YHJHWDWLRQ�VWUXFWXUH�DQG�FRPSRVLWLRQ�RI�D�ORZODQG�
PLUH�DW�3OLPPHUWRQ��1RUWK�,VODQG��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\�����
���±�����

%DNHU�6'�������1RWH�RQ�WXWVDQ�UXVW�LQ�1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�DQG�
7HFKQRORJ\�6HFWLRQ�$��������±�����

%DNHU�6'�������$GGLWLRQV�WR�WKH�UXVW�IXQJL�RI�1HZ�=HDODQG��,,��7UDQVDFWLRQV�RI�WKH�5R\DO�
6RFLHW\�RI�1HZ�=HDODQG��������±�����

%LRORJLFDO�5HFRUGV�&HQWUH��%5&��������'DWDEDVH�RI�LQVHFWV�DQG�WKHLU�IRRG�SODQWV��5HWULHYHG�
��0DUFK�������IURP�KWWS���ZZZ�EUF�DF�XN�GELI�,QWHUSUHWLQJBIRRGSODQWBUHFRUGV�DVS[�

%LRVHFXULW\�$XVWUDOLD�������5HYLVHG�GUDIW�LPSRUW�ULVN�DQDO\VLV�UHSRUW�IRU�DSSOHV�IURP�
1HZ�=HDODQG��3DUW�&������S��

%RHYUH�2��%UDQGHU�3(�������µ+\VDQ¶�±�D�SURPLVLQJ�ODUJH�IUXLWHG�+\SHULFXP��*DUWQHU�
7LGHQGH��1R����������±�����

%RPELN�(��%RPELN�7��6DED�/�����D��7KH�HIIHFW�RI�KHUE�H[WUDFWV�RQ�WKH�OHYHO�RI�VHOHFWHG�
PLFURHOHPHQWV�LQ�EORRG�VHUXP�RI�FDOYHV��%LXOHW\Q�,QIRUPDF\MQ\�,QVW\WXW�=RRWHFKQLNL�����
���±�����>3ROLVK�ZLWK�(QJOLVK�DEVWUDFW@�

%RPELN�7��%RPELN�$��6DED�/�����E��(IIHFWV�RI�D�KHUE�H[WUDFW�RQ�WKH�OHYHO�RI�VHOHFWHG�
ELRFKHPLFDO�LQGLFDWRUV�LQ�WKH�EORRG�RI�FDOYHV��0HG\F\QD�:HWHU\QDU\MQD��������±�����
>3ROLVK�ZLWK�(QJOLVK�DEVWUDFW@�

%ULHVH�'7�������%LRORJLFDO�FRQWURO�RI�6W��-RKQ¶V�ZRUW��SDVW��SUHVHQW�DQG�IXWXUH��3ODQW�
3URWHFWLRQ�4XDUWHUO\����������±����

%ULHVH�'7�������&ODVVLFDO�ELRORJLFDO�FRQWURO��,Q��6LQGHO�%0�HG��$XVWUDOLDQ�ZHHG�
PDQDJHPHQW�V\VWHPV��0HOERXUQ��$XVWUDOLD��5*�	�)-�5LFKDUGVRQ��3S�����±�����

%UX]]HVH�(��3DVFRH�,*�������0HODPSVRUD�K\SHULFRUXP��D�UXVW�IXQJXV�ZLWK�SRWHQWLDO�LQ�WKH�
ELRORJLFDO�FRQWURO�RI�WXWVDQ��+\SHULFXP�DQGURVDHPXP��3URFHHGLQJV�RI�WKH�)LUVW�:HHG�
&RQWURO�&RQJUHVV��3S�����±�����

%XUGRQ�--��*URYHV�5+��&XOOHQ�-0�������7KH�LPSDFW�RI�ELRORJLFDO�FRQWURO�RQ�WKH�GLVWULEXWLRQ�
DQG�DEXQGDQFH�RI�&KRQGULOOD�MXQFHD�LQ�VRXWKHDVWHUQ�$XVWUDOLD��-RXUQDO�RI�$SSOLHG�
(FRORJ\��������±�����

%XUURZV�&-�������%RWDQ\�RI�$UWKXU
V�3DVV�1DWLRQDO�3DUN�6RXWK�,VODQG��1HZ�=HDODQG�,��
+LVWRU\�RI�ERWDQLFDO�VWXGLHV�DQG�FKHFNOLVW�RI�WKH�YDVFXODU�IORUD��1HZ�=HDODQG�-RXUQDO�RI�
%RWDQ\������±����

&$%,�%LRVFLHQFH�������,0,�IXQJDO�KHUEDULXP��5HWULHYHG���0DUFK�������IURP�
KWWS�����������������KHUE,0,�LQGH[�KWP��
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&DVRQDWR�6*��/DZULH�$&��0F/DUHQ�'$�������%LRORJLFDO�FRQWURO�RI�+\SHULFXP�
DQGURVDHPXP�ZLWK�0HODPSVRUD�K\SHULFRUXP��,Q��%LVKRS�$&��%RHUVPD�0��%DUQHV�&'�
HGV�3URFHHGLQJV�RI�WKH���WK�$XVWUDOLDQ�:HHGV�&RQIHUHQFH��3S�����±�����

&KDUXGDWWDQ�5�������(FRORJLFDO��SUDFWLFDO��DQG�SROLWLFDO�LQSXWV�LQWR�VHOHFWLRQ�RI�ZHHG�WDUJHWV��
:KDW�PDNHV�D�JRRG�ELRORJLFDO�FRQWURO�WDUJHW"�%LRORJLFDO�&RQWURO��������±�����

&OD\�.��+RODK�-�������)XQJDO�HQGRSK\WH�V\PELRVLV�DQG�SODQW�GLYHUVLW\�LQ�VXFFHVVLRQDO�ILHOGV��
6FLHQFH����������������±������

&OD\�.��6FKDUGO�&�������(YROXWLRQDU\�RULJLQV�DQG�HFRORJLFDO�FRQVHTXHQFHV�RI�HQGRSK\WH�
V\PELRVLV�ZLWK�JUDVVHV��$PHULFDQ�1DWXUDOLVW������6��±6�����

&RQQRU�+(�������7KH�SRLVRQRXV�SODQWV�LQ�1HZ�=HDODQG���QG�HGQ��:HOOLQJWRQ��*RYHUQPHQW�
3ULQWHU������S��

&RRPEV�(0��&ODUN�-.��3LSHU�*/��&RIUDQFHVFR�-U�$)�HGV�������%LRORJLFDO�FRQWURO�RI�LQYDVLYH�
SODQWV�LQ�WKH�8QLWHG�6WDWHV��&RUYDOOLV��25��2UHJRQ�6WDWH�8QLYHUVLW\�3UHVV������S��

&RRSHU�-�������7KH�IXQJDO�UHFRUGV�GDWDEDVH�RI�%ULWDLQ�DQG�,UHODQG��)5'%,���5HWULHYHG�
��0DUFK�������IURP�KWWS���ZZZ�ILHOGP\FRORJ\�QHW�)5'%,�DVVRF�DVS�

&UDZOH\�0-�������7KH�VXFFHVVHV�DQG�IDLOXUHV�RI�ZHHG�ELRFRQWURO�XVLQJ�LQVHFWV��%LRFRQWURO�
1HZV�DQG�,QIRUPDWLRQ��������±�����

&XQQLQJKDP�,-�������3KRWRVHQVLWLYLW\�GLVHDVHV�LQ�1HZ�=HDODQG��9��3KRWRVHQVLWL]DWLRQ�E\�6W��
-RKQ
V�ZRUW��+\SHULFXP�SHUIRUDWXP���1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\�
6HFWLRQ�$��������±�����

&XUULH�*$��)\IH�59�������7KH�IDWH�RI�FHUWDLQ�(XURSHDQ�LQVHFWV�LQWURGXFHG�LQWR�$XVWUDOLD�IRU�
WKH�FRQWURO�RI�ZHHGV��-RXUQDO�RI�WKH�&RXQFLO�IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�����
���±�����

&XUULH�*$��*DUWKVLGH�6�������7KH�SRVVLELOLW\�RI�WKH�HQWRPRORJLFDO�FRQWURO�RI�6W��-RKQ
V�ZRUW�
LQ�$XVWUDOLD��3URJUHVV�5HSRUW�3DPSKOHW�QR���������S���

'DYLV�3+�HG��������)ORUD�RI�7XUNH\�DQG�WKH�(DVW�$HJHDQ�,VODQGV��(GLQEXUJK��(GLQEXUJK�
8QLYHUVLW\�3UHVV��

'HLVHU�(��(LFKLQ�5�������+\SHULFXP�YDULHW\�FRPSDULVRQV��7$632�*DUWHQEDXPDJD]LQ��������
��±����

'HOIRVVH�(6�������5LVN�DQG�HWKLFV�LQ�ELRORJLFDO�FRQWURO��%LRORJLFDO�&RQWURO��������±�����
'HQRWK�0��)ULG�/��0\HUV�-+�������0XOWLSOH�DJHQWV�LQ�ELRORJLFDO�FRQWURO��LPSURYLQJ�WKH�

RGGV"�%LRORJLFDO�&RQWURO�������±����
'LFNLQVRQ�.-0��0DUN�$)�������,QWHUSUHWLQJ�HFRORJLFDO�SDWWHUQV�LQ�DQ�LQWDFW�HVWXDU\��6RXWK�

ZHVW�1HZ�=HDODQG�:RUOG�+HULWDJH�$UHD��-RXUQDO�RI�%LRJHRJUDSK\��������±�����
'XJXLG�)&�������%RWDQ\�RI�QRUWKHUQ�+RURZKHQXD�ORZODQGV��1RUWK�,VODQG��1HZ�=HDODQG��

1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\��������±�����
(UWXUN�2�������$QWLIHHGDQW�DQG�WR[LFLW\�HIIHFWV�RI�VRPH�SODQW�H[WUDFWV�RQ�7KDXPHWRSRDH�

VROLWDULD�)UH\���/HS���7KDXPHWRSRHLGDH���7XUNLVK�-RXUQDO�RI�%LRORJ\�������±����
(UWXUN�2��'HPLUEDJ�=��%HOGX]�$2�������$QWLYLUDO�DFWLYLW\�RI�VRPH�SODQW�H[WUDFWV�RQ�WKH�

UHSOLFDWLRQ�RI�$XWRJUDSKD�FDOLIRUQLFD�QXFOHDU�SRO\KHGURVLV�YLUXV��7XUNLVK�-RXUQDO�RI�
%LRORJ\��������±�����

(VOHU�$(�������7KH�QDWXUDOLVDWLRQ�RI�SODQWV�LQ�XUEDQ�$XFNODQG��1HZ�=HDODQG�����$OLHQ�SODQWV�
DV�ZHHGV��1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\��������±�����

(YDQV�+&�������7KH�HQGRSK\WH�HQHP\�UHOHDVH�K\SRWKHVLV��LPSOLFDWLRQV�IRU�FODVVLFDO�
ELRORJLFDO�FRQWURO�DQG�SODQW�LQYDVLRQV��,Q��-XOLHQ�0+��6IRU]D�5��%RQ�0&��(YDQV�+&��
+DWFKHU�3(��+LQ]�+/��5HFWRU�%*�HGV�;,,�,QWHUQDWLRQDO�6\PSRVLXP�RQ�%LRORJLFDO�
&RQWURO�RI�:HHGV��3S����±����

)RZOHU�69��6\UHWW�3��+LOO�5/�������6XFFHVV�DQG�VDIHW\�LQ�ELRORJLFDO�FRQWURO�RI�HQYLURQPHQWDO�
ZHHGV�LQ�1HZ�=HDODQG��$XVWUDO�(FRORJ\��������±�����
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*OREDO�%LRGLYHUVLW\�,QIRUPDWLRQ�)DFLOLW\�������*%,)��5HWULHYHG���0DUFK�������IURP�
KWWS���GDWD�JELI�RUJ�VSHFLHV��

*XHGHV�$3��$PRULP�/5��9LFHQWH�$��)HUQDQGHV�)HUUHLUD�0�������9DULDWLRQ�RI�WKH�HVVHQWLDO�
RLO�FRQWHQW�DQG�FRPSRVLWLRQ�LQ�OHDYHV�IURP�FXOWLYDWHG�SODQWV�RI�+\SHULFXP�DQGURVDHPXP�
/��3K\WRFKHPLFDO�$QDO\VLV��������±�����

*XHGHV�$3��$PRULP�/5��9LFHQWH�$06��5DPRV�*��)HUQDQGHV�)HUUHLUD�0�������(VVHQWLDO�RLOV�
IURP�SODQWV�DQG�LQ�YLWUR�VKRRWV�RI�+\SHULFXP�DQGURVDHPXP�/��-RXUQDO�RI�$JULFXOWXUDO�
DQG�)RRG�&KHPLVWU\���������±������

+DUJUHDY�.5��*XQVWRQH�)'��7D\ORU�*0�������/LSLG�FRQVWLWXHQWV�RI�+\SHULFXP�
DQGURVDHPXP�DQG�+��HODWXP��3K\WRFKHPLVWU\��������±������

+D\HV�/0�������7HFKQRORJ\�WUDQVIHU�SURJUDPV�IRU�ELRORJLFDO�FRQWURO�RI�ZHHGV�±�WKH�
1HZ�=HDODQG�H[SHULHQFH��,Q��3URFHHGLQJV�RI�WKH�;�,QWHUQDWLRQDO�6\PSRVLXP�RQ�
%LRORJLFDO�&RQWURO�RI�:HHGV��%R]HPDQ��0RQWDQD��86$���±���-XO\��������3S�����±�����

+HDO\�$-�������:HHG\�6W��-RKQ
V�ZRUWV��+\SHULFXP�VSS���LQ�1HZ�=HDODQG��3URFHHGLQJV�RI�
WKH���WK�1HZ�=HDODQG�:HHG�DQG�3HVW�&RQWURO�&RQIHUHQFH�����±�����

+HHQDQ�3%�������7KUHH�QHZO\�UHFRJQLVHG�VSHFLHV�RI�+\SHULFXP��&OXVLDFHDH��IURP�
1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\��������±�����

+HJLQERWKDP�0��(VOHU�$(�������:LOG�YDVFXODU�SODQWV�RI�WKH�2SRWLNL�±(DVW�&DSH�UHJLRQ�
1RUWK�,VODQG��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\��������±�����

+RIIPDQQ�-+�������%LRORJLFDO�FRQWURO�RI�ZHHGV��WKH�ZD\�IRUZDUG��D�6RXWK�$IULFDQ�
SHUVSHFWLYH��,Q��:DDJH�-.�HG��3URFHHGLQJV�RI�WKH�%ULWLVK�&URS�3URWHFWLRQ�&RXQFLO�
6\PSRVLXP��3S����±����

+RZHOO�&�������&RQVROLGDWHG�OLVW�RI�HQYLURQPHQWDO�ZHHGV�LQ�1HZ�=HDODQG��'2&�5HVHDUFK�	�
'HYHORSPHQW�6HULHV������:HOOLQJWRQ��'HSDUWPHQW�RI�&RQVHUYDWLRQ�����S��

+XWFKLQVRQ�7&�������/LPH�FKORURVLV�DV�D�IDFWRU�LQ�VHHGOLQJ�HVWDEOLVKPHQW�RQ�FDOFDUHRXV�
VRLOV��,��$�FRPSDUDWLYH�VWXG\�RI�VSHFLHV�IURP�DFLGLF�DQG�FDOFDUHRXV�VRLOV�LQ�WKHLU�
VXVFHSWLELOLW\�WR�OLPH�FKORURVLV��1HZ�3K\WRORJLVW��������±�����

,QGH[�)XQJRUXP�������:RUOG�GDWDEDVH�RI�IXQJDO�QDPHV��5HWULHYHG���0DUFK�������IURP�
KWWS���ZZZ�LQGH[IXQJRUXP�RUJ�1DPHV�1DPHV�DVS�

-RKQV�*$�������&RQWURO�RI�WXWVDQ��3URFHHGLQJV�RI�WKH���WK�1HZ�=HDODQG�:HHG�DQG�3HVW�
&RQWURO�&RQIHUHQFH����±����

-RKQVRQ�31�������1DWXUDOLVHG�SODQWV�LQ�VRXWK�ZHVW�6RXWK�,VODQG��1HZ�=HDODQG��1HZ�=HDODQG�
-RXUQDO�RI�%RWDQ\��������±�����

-XOLHQ�0+��*ULIILWKV�0:�������%LRORJLFDO�FRQWURO�RI�ZHHGV��$�ZRUOG�FDWDORJXH�RI�DJHQWV�DQG�
WKHLU�WDUJHW�ZHHGV���WK�HGQ��:DOOLQJIRUG��8.��&$%,������S��

.LUN�30��&DQQRQ�3)��'DYLG�-&��6WDOSHUV�-$�HGV��������'LFWLRQDU\�RI�WKH�)XQJL��:DOOLQJIRUG��
8.��&$%�,QWHUQDWLRQDO��

.LWDQRY�*0�������+\SHULFLQ�DQG�SVHXGRK\SHULFLQ�LQ�VRPH�+\SHULFXP�VSHFLHV��%LRFKHPLFDO�
6\VWHPDWLFV�DQG�(FRORJ\��������±�����

/DQGFDUH�5HVHDUFK�������1=)81*,�±�1HZ�=HDODQG�)XQJL��DQG�%DFWHULD���5HWULHYHG�
��0DUFK�������IURP�KWWS���Q]IXQJL�ODQGFDUHUHVHDUFK�FR�Q]�KWPO�VHDUFKBKRVWV�DVS�

/LX�%<��)DONHQVWHLQ�3DXO�+��6FKPLGW�:��%HHUKXHV�/�������%HQ]RSKHQRQH�V\QWKDVH�DQG�
FKDOFRQH�V\QWKDVH�IURP�+\SHULFXP�DQGURVDHPXP�FHOO�FXOWXUHV��F'1$�FORQLQJ��
IXQFWLRQDO�H[SUHVVLRQ��DQG�VLWH�GLUHFWHG�PXWDJHQHVLV�RI�WZR�SRO\NHWLGH�V\QWKDVHV��3ODQW�
-RXUQDO��������±�����

/RXGD�60��3HPEHUWRQ�5:��-RKQVRQ�07��)ROOHWW�3$�������1RQWDUJHW�HIIHFWV�±�7KH�$FKLOOHV
�
KHHO�RI�ELRORJLFDO�FRQWURO"�5HWURVSHFWLYH�DQDO\VHV�WR�UHGXFH�ULVN�DVVRFLDWHG�ZLWK�
ELRFRQWURO�LQWURGXFWLRQV��$QQXDO�5HYLHZ�RI�(QWRPRORJ\��������±�����

/\QFK�3%�������5HVXOWV�RI�WULDOV�ZLWK�KRUPRQH�ZHHGNLOOHUV��1HZ�=HDODQG�-RXUQDO�RI�
$JULFXOWXUH��������±�����
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0$)�%1=�������7XWVDQ��5HWULHYHG���0DUFK�������IURP�
KWWS���ZZZ�ELRVHFXULW\�JRYW�Q]�SHVWV�WXWVDQ�

0DJJL�)��)HUUHWWL�*��3RFFHVFKL�1��0HQJKLQL�/��5LFFLXWHOOL�0�������0RUSKRORJLFDO��
KLVWRFKHPLFDO�DQG�SK\WRFKHPLFDO�LQYHVWLJDWLRQ�RQ�WKH�JHQXV�+\SHULFXP�RI�WKH�&HQWUDO�
,WDO\��)LWRWHUDSLD��������±�����

0DKRQ�'-�������&DQWHUEXU\�QDWXUDOLVHG�YDVFXODU�SODQW�FKHFNOLVW�����S��
�KWWS���ZZZ�GRF�JRYW�Q]�XSORDG�GRFXPHQWV�FRQVHUYDWLRQ�WKUHDWV�DQG�
LPSDFWV�ZHHGV�FDQWHUEXU\�QDWXUDOLVHG�SODQWV�SGI��

0DUVKDOO�/1�������:HHG�SUREOHPV�LQ�2WDJR�DQG�6RXWKODQG��3URFHHGLQJV�RI�WKH��WK�
1HZ�=HDODQG�:HHG�&RQWURO�&RQIHUHQFH����±����

0D\R�*0��5RXVK�57�������*HQHWLF�YDULDELOLW\�RI�+\SHULFXP�SHUIRUDWXP�/���&OXVLDFHDH��DQG�
WKH�GHWHFWLRQ�RI�UHVLVWDQFH�WR�WKH�ELRORJLFDO�FRQWURO�DJHQW�$FXOXV�K\SHULFL�/LUR�
�(ULRSK\LGDH���3ODQW�3URWHFWLRQ�4XDUWHUO\����������±����

0D]DQGDUDQL�0��<DVVDJKL�6��5H]DHL�0%��0DQVRXULDQ�$5��*KDHPL�(2�������(WKQRERWDQ\�
DQG�DQWLEDFWHULDO�DFWLYLWLHV�RI�WZR�HQGHPLF�VSHFLHV�RI�+\SHULFXP�LQ�QRUWK�HDVW�RI�,UDQ��
$VLDQ�-RXUQDO�RI�3ODQW�6FLHQFHV�������±�����

0F)DG\HQ�5(&�������%LRORJLFDO�FRQWURO�RI�ZHHGV��$QQXDO�5HYLHZ�RI�(QWRPRORJ\��������±
�����

0F.HQ]LH�(+&�������5XVW�IXQJL�RI�1HZ�=HDODQG�±�DQ�LQWURGXFWLRQ��DQG�OLVW�RI�UHFRUGHG�
VSHFLHV��1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\��������±�����

0F/DUHQ�'$��%UX]]HVH�(��3DVFRH�,*�������7KH�SRWHQWLDO�RI�IXQJDO�SDWKRJHQV�WR�FRQWURO�
+\SHULFXP�VSHFLHV�LQ�$XVWUDOLD��3ODQW�3URWHFWLRQ�4XDUWHUO\����������±����

0HPPRWW�-��)RZOHU�69��+LOO�5/�������7KH�HIIHFW�RI�UHOHDVH�VL]H�RQ�WKH�SUREDELOLW\�RI�
HVWDEOLVKPHQW�RI�ELRORJLFDO�FRQWURO�DJHQWV��*RUVH�WKULSV��6HULFRWKULSV�VWDSK\OLQXV��
UHOHDVHG�DJDLQVW�JRUVH��8OH[�HXURSDHXV��LQ�1HZ�=HDODQG��%LRFRQWURO�6FLHQFH�DQG�
7HFKQRORJ\����������±�����

0HPPRWW�-��&UD]H�3*��+DUPDQ�+0��6\UHWW�3��)RZOHU�69�������7KH�HIIHFW�RI�SURSDJXOH�VL]H�
RQ�WKH�LQYDVLRQ�RI�DQ�DOLHQ�LQVHFW��-RXUQDO�RI�$QLPDO�(FRORJ\�������±����

0LOOHU�'�������&DZWKRUQ�LQVWLWXWH�HQWRPRORJLFDO�LQYHVWLJDWLRQV��5HSRUWV�RI�WKH�'HSDUWPHQW�
IRU�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�1HZ�=HDODQG�������±����

0LOOHU�'�������%LRORJLFDO�FRQWURO�RI�ZHHGV�LQ�1HZ�=HDODQG����������'HSDUWPHQW�RI�
6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��

0LWFDOIH�%-��+RUQH�-&�������$�ERWDQLFDO�VXUYH\�RI�WKH�LQGLJHQRXV�IRUHVW�UHPQDQWV�LQ�
:HOOLQJWRQ�%RWDQLF�*DUGHQ��*OHQPRUH�6WUHHW��:HOOLQJWRQ��$�UHSRUW�����S��

0RIIDW�5:�������$�VXPPDU\�RI�LQYHVWLJDWLRQV�ZLWK�3LFORUDP�RQ�FHUWDLQ�VFUXE�ZHHGV��
3URFHHGLQJV�RI�WKH���WK�1HZ�=HDODQG�:HHG�DQG�3HVW�&RQWURO�&RQIHUHQFH����±����

0RUWH]D�6HPQDQL�.��6DHHGL�0�������7KH�HVVHQWLDO�RLO�FRPSRVLWLRQ�RI�+\SHULFXP�
DQGURVDHPXP�/��OHDYHV�DQG�IORZHUV�IURP�,UDQ��)ODYRXU�DQG�)UDJUDQFH�-RXUQDO��������±
�����

1DWXUDO�+LVWRU\�0XVHXP�/RQGRQ�������+2676�±�D�GDWDEDVH�RI�WKH�:RUOG
V�OHSLGRSWHUDQ�
KRVWSODQWV��5HWULHYHG���0DUFK�������IURP�KWWS���ZZZ�QKP�DF�XN�MGVPO�UHVHDUFK�
FXUDWLRQ�UHVHDUFK�SURMHFWV�KRVWSODQWV��

1RUWKFURIW�()�������$GYHQWLYH�)ORUD�RI�WKH�&KDWKDP�,VODQGV��1HZ�=HDODQG�-RXUQDO�RI�
%RWDQ\��������±�����

2NDQH�,��/XP\RQJ�6��1DNDJLUL�$��,WR�7�������([WHQVLYH�KRVW�UDQJH�RI�DQ�HQGRSK\WLF�IXQJXV��
*XLJQDUGLD�HQGRSK\OOLFROD��DQDPRUSK��3K\OORVWLFWD�FDSLWDOHQVLV���0\FRVFLHQFH��������±
�����

2ODQR�-0��&DEDOOHUR�,��/DVNXUDLQ�1$��/RLGL�-��(VFXGHUR�$�������6HHG�EDQN�VSDWLDO�SDWWHUQ�LQ�
D�WHPSHUDWH�VHFRQGDU\�IRUHVW��-RXUQDO�RI�9HJHWDWLRQ�6FLHQFH��������±�����
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2PDFLQL�0��&KDQHWRQ�(-��*KHUVD�&0��0XOOHU�&%�������6\PELRWLF�IXQJDO�HQGRSK\WHV�
FRQWURO�LQVHFW�KRVW±SDUDVLWH�LQWHUDFWLRQ�ZHEV��1DWXUH��������������±����

2ZHQ�6-�������(FRORJLFDO�ZHHGV�RQ�FRQVHUYDWLRQ�ODQG�LQ�1HZ�=HDODQG��D�GDWDEDVH��
:HOOLQJWRQ��'HSDUWPHQW�RI�&RQVHUYDWLRQ��

3DJH�$5��/DFH\�./�������(FRQRPLF�LPSDFW�DVVHVVPHQW�RI�$XVWUDOLDQ�ZHHG�ELRORJLFDO�
FRQWURO��7HFKQLFDO�6HULHV���������S��

3DQGH\�$.��5HGG\�06��6XU\DQDUD\DQDQ�76�������,76�5)/3�DQG�,76�VHTXHQFH�DQDO\VLV�RI�D�
IROLDU�HQGRSK\WLF�3K\OORVWLFWD�IURP�GLIIHUHQW�WURSLFDO�WUHHV��0\FRORJLFDO�5HVHDUFK������
���±�����

3DUDQKRV�$�������(IIHFWV�RI�FDOFLXP�DQG�:���RQ�IODYRQRLG�DFFXPXODWLRQ�LQ�FHOO�FXOWXUHV�RI�
+\SHULFXP�DQGURVDHPXP�/��3ODQWD�0HGLFD���������±������

3DUVRQV�:7��&XWKEHUWVRQ�(*�������1R[LRXV�ZHHGV�RI�$XVWUDOLD���QG�HGQ��0HOERXUQH��
6\GQH\��,QNDWD�3UHVV������S��

3DWWHUVRQ�70�������'HSDUWPHQWDO�WULDOV�ZLWK�7RUGRQ��3URFHHGLQJV�RI�WKH���WK�1HZ�=HDODQG�
:HHG�DQG�3HVW�&RQWURO�&RQIHUHQFH����±����

3DWWHUVRQ�70�������'HSDUWPHQWDO�WULDOV�ZLWK�3LFORUDP��3URFHHGLQJV�RI�WKH���WK�1HZ�=HDODQG�
:HHG�DQG�3HVW�&RQWURO�&RQIHUHQFH����±����

3D\QWHU�4>(@��)ODQDJDQ�*-�������,QWHJUDWLQJ�KHUELFLGH�DQG�PHFKDQLFDO�FRQWURO�WUHDWPHQWV�
ZLWK�ILUH�DQG�ELRORJLFDO�FRQWURO�WR�PDQDJH�DQ�LQYDVLYH�ZHWODQG�VKUXE��0LPRVD�SLJUD��
-RXUQDO�RI�$SSOLHG�(FRORJ\��������±�����

3D\QWHU�4(��)RZOHU�69��*RXUOD\�$+��+DLQHV�0/��+DUPDQ�+0��+RQD�65��3HWHUVRQ�3-��
6PLWK�/$��:LOVRQ�'DYH\�-5$��:LQNV�&-�DQG�RWKHUV�������6DIHW\�LQ�1HZ�=HDODQG�ZHHG�
ELRFRQWURO��D�QDWLRQZLGH�VXUYH\�IRU�LPSDFWV�RQ�QRQ�WDUJHW�SODQWV��1HZ�=HDODQG�3ODQW�
3URWHFWLRQ��������±�����

3D\QWHU�4>(@��0DUWLQ�1��%HUU\�-��+RQD�6��3HWHUVRQ�3��*RXUOD\�$+��:LOVRQ�'DYH\�-��6PLWK�/��
:LQNV�&��)RZOHU�69�������1RQ�WDUJHW�LPSDFWV�RI�3K\WRP\]D�YLWDOEDH�D�ELRORJLFDO�
FRQWURO�DJHQW�RI�WKH�(XURSHDQ�ZHHG�&OHPDWLV�YLWDOED�LQ�1HZ�=HDODQG��%LRORJLFDO�&RQWURO�
�������±�����

3HPEHUWRQ�5:�������3UHGLFWDEOH�ULVN�WR�QDWLYH�SODQWV�LQ�ZHHG�ELRORJLFDO�FRQWURO��2HFRORJLD�
��������±�����

3XWQDP�0/�������)LUVW�UHSRUW�RI�OHDI�EOLJKW�DQG�VWHP�GLHEDFN�RI�6W��-RKQ
V�ZRUW�FDXVHG�E\�
'LSORFHUDV�K\SHULFLQXP�LQ�2UHJRQ��3ODQW�'LVHDVH�����������

5DGDLWLHQs�'��.DFHUJLXV�$��5DGXãLHQH�-�������)XQJDO�GLVHDVHV�RI�+\SHULFXP�SHUIRUDWXP�/��
DQG�+��PDFXODWXP�&UDQW]��LQ�/LWKXDQLD��%LRORJLMD������±����

5HHV�&-&�������&KHPRUHFHSWRU�VSHFLILFLW\�DVVRFLDWHG�ZLWK�FKRLFH�RI�IHHGLQJ�VLWH�E\�WKH�
EHHWOH��&KU\VROLQD�EUXQVYLFHQVLV�RQ�LWV�IRRGSODQW��+\SHULFXP�KLUVXWXP��(QWRPRORJLD�
([SHULPHQWDOLV�HW�$SSOLFDWD��������±�����

5XGJHUV�-$��0DWWLQJO\�:%��.RVORZ�-0�������0XWXDOLVWLF�IXQJXV�SURPRWHV�SODQW�LQYDVLRQ�
LQWR�GLYHUVH�FRPPXQLWLHV��2HFRORJLD���������±�����

6DQ�9LFHQWH�,8�������&ROHySWHURV�ILWyIDJRV��,QVHFWD��&ROHRSWHUD��GH�ORV�HQFLQDUHV�
FDQWiEULFRV�GH�OD�5HVHUYD�GH�OD�%LRVIHUD�GH�8UGDLEDL������S��

6DYHOH�0�������/HSLGRSWHUD�DQG�VRPH�RWKHU�OLIH�IRUPV��5HWULHYHG���$SULO�������IURP�
KWWS���ZZZ�IXQHW�IL�SXE�VFL�ELR�OLIH�LQVHFWD�OHSLGRSWHUD�QHSWLFXOLQD�QHSWLFXORLGHD�QHSWLFXO
LGDH�QHSWLFXOLQDH�HFWRHGHPLD�LQGH[�KWPO�VHSWHPEUHOOD�

6DYLNLQ�.��'REULF�6��7DGLF�9��=GXQLF�*�������$QWLLQIODPPDWRU\�DFWLYLW\�RI�HWKDQRO�H[WUDFWV�
RI�+\SHULFXP�SHUIRUDWXP�/���+��EDUEDWXP�-DFT���+��KLUVXWXP�/���+��ULFKHUL�9LOO��DQG�
+��DQGURVDHPXP�/��LQ�UDWV��3K\WRWKHUDS\�5HVHDUFK��������±�����

6HORVVH�0$��%DXGRLQ�(��9DQGHQNRRUQKX\VH�3�������6\PELRWLF�PLFURRUJDQLVPV��D�NH\�IRU�
HFRORJLFDO�VXFFHVV�DQG�SURWHFWLRQ�RI�SODQWV��&RPSWHV�5HQGXV�%LRORJLHV���������±�����
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6LQ�)<7��6XFNOLQJ�'0��0DUVKDOO�-:�������'LIIHUHQWLDWLRQ�RI�WKH�HQGHPLF�1HZ�=HDODQG�
JUHHQKHDGHG�DQG�EURZQKHDGHG�OHDIUROOHU�PRWKV�E\�UHVWULFWLRQ�IUDJPHQW�OHQJWK�YDULDWLRQ�
LQ�WKH�ULERVRPDO�JHQH�FRPSOH[��0ROHFXODU�(FRORJ\�������±�����

6PHOFHURYLF�$��=XHKONH�6��6SLWHOOHU�0��5DDEH�1��2]HQ�7�������3KHQROLF�FRQVWLWXHQWV�RI����
+\SHULFXP�VSHFLHV�IURP�7XUNH\��%LRFKHPLFDO�6\VWHPDWLFV�DQG�(FRORJ\��������±�����

6WURQJ�'5��3HPEHUWRQ�5:�������%LRORJLFDO�FRQWURO�RI�LQYDGLQJ�VSHFLHV�±�ULVN�DQG�UHIRUP��
6FLHQFH����������������±������

6XOOLYDQ�--��:LOOLDPV�3$��7LPPLQV�60�������6HFRQGDU\�IRUHVW�VXFFHVVLRQ�GLIIHUV�WKURXJK�
QDWXUDOLVHG�JRUVH�DQG�QDWLYH�NDQXND�QHDU�:HOOLQJWRQ�DQG�1HOVRQ��1HZ�=HDODQG�-RXUQDO�
RI�(FRORJ\�������±����

6\NHV�:5�������&KHFNOLVW�RI�GLFRW\OHGRQV�QDWXUDOLVHG�LQ�1HZ�=HDODQG�����+DORUDJDOHV��
0\UWDOHV��3URWHDOHV��7KHDOHV��9LRODOHV��H[FOXGLQJ�9LRODFHDH���1HZ�=HDODQG�-RXUQDO�RI�
%RWDQ\�������±����

6\PH�36�������6SUHDG�RI�WXWVDQ�RQ�KLOO�SDVWXUHV��1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUH�����
���±�����

7KRPDV�3�������*OREDO�FRPSHQGLXP�RI�ZHHGV��5HWULHYHG���0DUFK�������IURP�
KWWS���ZZZ�KHDU�RUJ�JFZ�VSHFLHV�K\SHULFXPBDQGURVDHPXP��

7LOO\DUG�5-�������%LRORJLFDO�FRQWURO�RI�6W��-RKQ
V�ZRUW��1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUH�
������±����

86'$�$56�������*5,1�±�*HUPSODVP�5HVRXUFHV�,QIRUPDWLRQ�1HWZRUN��5HWULHYHG���$SULO�
������IURP�KWWS���ZZZ�DUV�JULQ�JRY�FJL�ELQ�QSJV�KWPO�WD[RQ�SO"������

9DOHQWmR�3��)HUQDQGHV�(��&DUYDOKR�)��$QGUDGH�3%��6HDEUD�50��%DVWRV�0/�������
$QWLR[LGDQW�DFWLYLW\�RI�+\SHULFXP�DQGURVDHPXP�LQIXVLRQ��VFDYHQJLQJ�DFWLYLW\�DJDLQVW�
VXSHUR[LGH�UDGLFDO��K\GUR[\O�UDGLFDO�DQG�K\SRFKORURXV�DFLG��%LRORJLFDO�	�
3KDUPDFHXWLFDO�%XOOHWLQ���������±������

9DOHQWmR�3��'LDV�$��)HUUHLUD�0��6LOYD�%��$QGUDGH�3%��%DVWRV�0/��6HDEUD�50�������
9DULDELOLW\�LQ�SKHQROLF�FRPSRVLWLRQ�RI�+\SHULFXP�DQGURVDHPXP��1DWXUDO�3URGXFW�
5HVHDUFK��������±�����

9DQ�'HU�9HNHQ�6��%RVVX\W�%��+HUP\�0�������&OLPDWH�JUDGLHQWV�H[SODLQ�FKDQJHV�LQ�SODQW�
FRPPXQLW\�FRPSRVLWLRQ�RI�WKH�IRUHVW�XQGHUVWRUH\��DQ�H[WUDSRODWLRQ�DIWHU�FOLPDWH�
ZDUPLQJ��%HOJLDQ�-RXUQDO�RI�%RWDQ\��������±����

9DQ�.HVWHUHQ�+$�������/HDI�VSRW�DQG�EDUN�QHFURVHV�RQ�+\SHULFXP�VSS��DVVRFLDWHG�ZLWK�
)HVWDORWLD�K\SHULFLQD��9HUVODJHQ�YDQ�GH�3ODQWHQ]LHNWHQNXQGLJH�'LHQVW�WH�:DJHQLQJHQ�
��������±�����

YDQ�.OLQNHQ�5'��)LFKHUD�*��&RUGR�+�������7DUJHWLQJ�ELRORJLFDO�FRQWURO�DFURVV�GLYHUVH�
ODQGVFDSHV��WKH�UHOHDVH��HVWDEOLVKPHQW��DQG�HDUO\�VXFFHVV�RI�WZR�LQVHFWV�RQ�PHVTXLWH�
�3URVRSLV�VSS���LQVHFWV�LQ�$XVWUDOLDQ�UDQJHODQGV��%LRORJLFDO�&RQWURO������±����

:DUGOH�3�������9DVFXODU�SODQWV�RI�:HVWODQG�1DWLRQDO�3DUN��1HZ�=HDODQG��DQG�QHLJKERXULQJ�
ORZODQG�DQG�FRDVWDO�DUHDV��1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\��������±�����

:HEE�&-��6\NHV�:5��*DUQRFN�-RQHV�3-�������)ORUD�RI�1HZ�=HDODQG�9ROXPH�,9�1DWXUDOLVHG�
3WHULGRSK\WHV��*\PQRVSHUPV��'LFRW\OHGRQV��&KULVWFKXUFK��%RWDQ\�'LYLVLRQ�'6,5��
3S�����±�����

:HHG%XVWHUV�������'HWDLOHG�LQIRUPDWLRQ�VKHHW��+\SHULFXP�DQGURVDHPXP��5HWULHYHG���0DUFK�
������IURP�KWWS���ZHHGEXVWHUV�FR�Q]�ZHHGBLQIR�GHWDLO�DVS":HHG,' ���

:KDWPDQ�$�������7XWVDQ���HFRQRPLF�FRQWURO�RI�D�SUREOHP�ZHHG��1HZ�=HDODQG�-RXUQDO�RI�
$JULFXOWXUH�����������±����

:LOOLDPV�3$��+D\HV�/0�������(PHUJLQJ�ZHHG�LVVXHV�IRU�WKH�:HVW�&RDVW�5HJLRQDO�&RXQFLO�
DQG�WKHLU�SURVSHFWV�IRU�ELRFRQWURO��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&����������
���S���KWWS���ZZZ�HQYLUROLQN�JRYW�Q]�UHSRUWV�GRFXPHQWV����:&5&���SGI��
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:RRGURIIH�*(�������8QWLWOHG��(QWRPRORJLFDO�0RQRJUDSKV�0DJD]LQH����������
=LPRZVND�%$$�������LPSDFW�RI�VRPH�IXQJLFLGHV�RQ�JURZWK�DQG�GHYHORSPHQW�RI�

PRUSKRORJLFDO�VWUXFWXUHV�RI�6HLPDWRVSRULXP�K\SHULFLQXP��&HV���6XWWRQ�LQ�YLWUR��+HUED�
3RORQLFD�������±����
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Field horsetail (Equisetum arvense) 
 
 
 
 

 
Figure 1 Field horsetail, urban Wanganui 
 
Summary 
 
Field horsetail is becoming more prevalent in the Horizons region (see Indicative Field 
horsetail distribution map, Supporting information). Present in our region since the 1920s it is 
only recently that the number of sites and the extent of its spread is increasing. Field 
horsetail can be spread by spores that are released from a reproductive spear early in the 
spring and by root fragments at any time of the year. It is these root fragments that are the 
main method of dispersal as the increase of sites has occurred due to the presence of root 
fragments at the source of metal used for landscaping materials, builders mix, and road 
building products. At almost every site of road works that source material from the Rangitikei 
river field horsetail will appear. When roads are uplifted for resealing, the spoil when used as 
forestry tracking will produce another infestation. 
 
Field horsetail is known overseas as toxic to livestock and once established to be virtually 
uncontrollable. Chemical control has been researched worldwide and in New Zealand 
including horizons. In cropland and pasture there are very little options apart from aggressive 
chemicals that have a limiting effect on production. In non-cropland situations it is possible to 
treat the plant repeatedly with strong chemicals that will eventually weaken the root system. 
 
Horizons has instigated an Envirolink funded report (HZLC49) to perform a literature review 
to assess the likelihood of biological control being effective. The report states that even in its 
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home range it is a problem weed of cropland, but recommends further investigation of bio-
control as a possibility. The expense of undertaking biological control investigations, rearing 
and releasing one agent costs between $450-500 thousand.  
 
Preventing the use of materials that contain root fragments is probably the only we can 
immediately limit the future spread of field horsetail.  
 
With our present knowledge we know that the region has yet to experience the full effect of 
horsetail on cropland and pasture. We know that without a wonder bug, field horsetail is 
entrenched in our major river systems and road networks and without movement control of 
river sourced materials or other management control of new road works the infestation size 
and risk to productive land will continue to increase. 
 
 
Background (sourced from Envirolink Medium Advice Grant (HZLC49) report) 
 
In its native range (Europe, Asia, and North America), field horsetail can become a weed of 
field and vegetable crops. It can spread by spores and develops extensive underground 
rhizomes that are resistant to herbicides so that, once established, it is extremely difficult and 
expensive to control. Movement of rhizomes or tubers on tillage implements is a common 
means of starting new infestations. Simulations done to predict the rate of spread estimated 
that 6 years after introducing horsetail into an agricultural field it will have gone on to infest 1 
hectare. 
 
Since the time of Ancient Rome, field horsetail has been used in traditional medicine in 
Europe. Its main uses are as a diuretic, for osteoporosis, and for wound healing. Modern 
studies have shown that field horsetail produces compounds with antimicrobial activity that 
are active against a wide range of organisms including bacteria and fungi. While the weed 
may be useful in small doses, in larger quantities it can be toxic. The coarse stems are not 
often eaten by grazing animals because they contain silica deposits. However, if the plant is 
eaten, acute thiamine deficiency can result leading to a condition known as “equisetosis”. 
Symptoms include unthriftiness followed by weakness, “staggers”, nervousness, faulty vision, 
and difficulty in turning. Horses may die if large amounts of horsetail are consumed. Sheep 
are affected to a lesser degree, and equisetosis is rarely fatal for cattle.  
 
Field horsetail was first recorded [in New Zealand] in 1922 and has become an aggressive 
weed. It forms pure stands in a wide range of damp habitats, preventing the seedlings of 
native species from establishing and in some areas blocking and altering watercourses, 
causing flooding. Although field horsetail is most commonly found in acidic and wet soil 
conditions, it is not particularly fussy about where it grows. Well-drained sites including fields, 
orchards and nursery crops, and even sites with sandy or gravel soil such as along 
roadsides, railway tracks and beaches, are all fair game. As well as New Zealand, field 
horsetail has naturalised in Madagascar, South Africa, South America, and Australia.  
 
Field horsetail still has a relatively limited distribution in New Zealand, but has the potential to 
become much more widespread. Infestations have been recorded so far from Kawhia, 
Havelock North, New Plymouth, Wanganui, and Lower Rangitikei in the North Island and 
from Marlborough, Nelson (including a 200-ha infestation near Karamea), the West Coast, 
Christchurch, and Dunedin in the South Island. 
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Horizons approach 
 
Field Horsetail is considered a Potential Environmental Pest Plant under Horizons Regional 
Council’s Regional Pest Plant Management Strategy. These species are placed under a 
temporary monitoring objective that assesses the distribution, abundance and estimated rate 
of spread and where control trials may be undertaken to provide more detailed management 
related information. The plants under this objective are not declared “pests” under the act 
and therefore not banned from sale, propagation or distribution. Field horsetail is prohibited 
from sale, propagation or distribution within New Zealand, under the National Pest Plant 
Accord.  
 
Horizons is compiling information about field horsetail and the control or management 
options available to us. This task is complicated by the fact it is already entrenched in the 
region and any management options we undertake will incur significant costs to the region.  
 
We have: 

• Instigated the Envirolink Medium Advice Grant (HZLC49), Prospects for biological 
control of field horsetail Equisetum arvense L in New Zealand.  

• We have taken part in chemical control trials and have sourced the most recent trial 
information conducted in New Zealand. 

• We are discussing field horsetail matters with TLAs and quarry managers 
 
We will: 

• Continue to seek chemical control options that may be available for trial. 
• Discuss various management options available to horizons in a formal level with 

interested parties. 
• Compile a full report for release November 2011. 
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Supporting information 
 
Distribution Map 
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Images 
 

 
Figure 2 Point source infestation - it starts like this. image, C.Davey 
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Figure 3 Roadside infestation next to grazed pasture. image, C.Davey 
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Figure 4 Through the fence - whats next? image, C.Davey 
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Figure 5 - Landscaping material source. Now pushing through asphalt footpath. image, 
C.Davey 
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Figure 6 close up of reproductive spear - roadside infestation west of Bulls. image, C.Davey 
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A Significant decision? 
          If Yes 

No 

Do recommendations meet 
Significance Policy and LGA 
requirements? 

    

 Item No:  7
Date:  09/12/2009

Report No:  09-195
File No:  OMS 16 05

 

REGULATORY MANAGEMENT ACTIVITY REPORTS 

PURPOSE 

1. This report presents two items for the information of Members: 
 

a. Environmental Protection Team Report – 1 October to 30 November 2009 
b. Resource Consent Activities for October and November 2009. 
 

FINANCIAL IMPACT 

2. There is no financial impact. 
 

RECOMMENDATION 

3. That the Committee recommends that Council: 
 
 a. receives the information contained in Report No. 09-195 and Annexes. 
 
 
 
 
 
G Carlyon 
GROUP MANAGER REGIONAL PLANNING & REGULATORY 
 
 
ANNEXES 
 
A Environmental Protection Team Report – 1 October to 30 November 2009 
B Resource Consent Activities for October and November 2009 
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ANNEX A TO ITEM 7 
Report No. 09-195 

 
 

ENVIRONMENTAL PROTECTION TEAM REPORT 
 
PURPOSE  
 
1. This item provides a report of the Environmental Protection Team’s activities for the 

period  
1 October – 30 November 2009.  

 
COMMENT 
 
2. As detailed previously, the Environmental Protection Team has been working hard over 

the past two years to ensure that consent holders, and the wider public in our Region, 
are aware of our Regional Rules and the requirements of the Resource Management Act 
1991 (RMA).  We have significantly increased the amount of media and information to 
consent holders regarding compliance activities and the penalties for non-compliance.  I 
have continued to receive comment from a small number of dairy farmers that Horizons 
Regional Council needs to improve its level of communication.  These comments are 
particularly disappointing for all parties given the amount of information that has been 
sent to all dairy farmers.  The efforts made by the Dairy Liaison Forum and the recent 
joint media.  We will continue to look for opportunities to better communicate. 

 
BACKGROUND 
 
3. The Environmental Protection Team undertakes activities including monitoring of 

resource consents, responding to environmental complaints and incidents, formally 
investigating breaches of the RMA, writing reports for hearings, managing the water 
allocation project, providing RMA advice, and manning the pollution hotline during 
working hours. 

 
4. Environmental incidents are reported to Horizons via the pollution hotline, the frontline 

system or by other Horizons staff.  Incidents reported are responded to according to the 
urgency, the significance and the effect on the environment.  Every effort is made to 
respond to urgent incidents within four hours of the call being received.  Non-urgent 
incidents are responded to within two working days of the call. 

 
HIGHLIGHTS 
 
5. Staff have continued with dairy inspections.  Currently two staff are inspecting dairy 

farms and so far this season they have inspected 122 farms.  To date we have identified 
nine significant non-compliances and six non-compliances.   This may suggest an 
improvement in the compliance rate for the season.  It would be a most satisfactory 
outcome for the hard work put in over the past two years. 

 
6. Horizons has five cases currently before the Courts:  

i. Ken Thurston (Aotearoa Coolstores) – High Court appeal January 2010. 
ii. Ken Thurston/Tawera Land Company – High Court appeal January 2010. 
iii. Ferryview Farms – sentencing January 2010.   
iv. Dennis Nitschke and Colin Kay – sentencing January 2010. 
v. Porewa Holdings Limited (has now entered guilty plea) – sentencing January 2010. 
 
Two further cases have been signed off by the Chief Executive to proceed to 
prosecution.  
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ACTIVITY SUMMARY 
 
7. During the reporting period, 119 compliance monitoring interactions occurred with 

consent holders.  Twenty-four of these were phone calls to arrange visits or to advise on 
river flows.  The other 95 interactions were either physical inspections or time spent 
assessing data or reports provided by the consent holder.   

 
8. Compliance monitoring interactions by consent type are given in Figure One. 

 

 
 
9. Four non-compliances were detected over the reporting period, from the 95 resource 

consents monitored.  This equates to a 4% non-compliance rate for the reporting period, 
which is a decrease on the 6% from the previous period.  A breakdown of non-
compliances by customer is given in Figure Two and broken down further in Table 3.  

Figure Two: Detected Non-Compliance by 
Customer Type

Rural Acti itiesv
75% 

Industry 
25%

District Council
0%

Figure One: Resource Consent Interactions
by Type 
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10. Seven Infringement Notices were served during this period for breaches of Regional 

Rules or resource consent conditions.  Details of these Infringement Notices are provided 
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in  
Table 4.  

 
11. Twelve Abatement Notices were served, requiring activities to cease or remedial action 

to be taken to stop an adverse effect.  The details of these Abatement Notices are 
provided in Table 5.  Where the Abatement Notice is issued to a company, copies are 
also sent to company directors.  

 
12. A total of 57 incidents were reported over this period – 29 in October and 28 in 

November. The numbers were below average for both months.  
 
13. A summary of environmental incidents is presented in Table 1 and Figure 3 below.   
 

Table 1.  Summary of Environmental Incidents 
 

Resource 
Affected 

Effect Source 

N
um

ber of 
Incidents 

N
um

ber of 
C

om
plainants 

N
um

ber

C
om

plainant 
advised of 
Locations 

Air (20) Smoke (Urban) Burning material 9 8 8 8 
              (Rural) Burning material 1 1 1 1 
        (Industrial) Burning material 1 1 1 1 
  Fumes Petrol/exhaust 1 1 1 1 
 Odour Sewage/effluent 3 2 2 1 
  Poultry/piggery manure 1 1 1 1 
  Rotting meat/vegetation 3 3 3 3 
 Human health Spray drift 1 1 1 1 
  Subtotal 20 20 20 17 
Land (20) Contamination Dead stock 2 2 2 1 
  Chemicals 1 1 1 1 
    Effluent/sewage 3 3 3 2 
  Petrol/ Oil 4 4 4 4 
  Milk spill 1 1 1 1 
  Tracking 1 1 1 0 
  Rubbish 8 8 8 6 
  Subtotal 20 20 20 15 
Water (16) Contamination Dead animals/offal 7 7 7 5 
    Industrial discharge 2 2 2 2 
    Effluent/sewage 2 2 2 1 
  Rubbish 2 2 2 0 
 Other Gravel 1 1 1 1 
  Flooding 1 1 1 1 
  Damming 1 1 1 1 
  Subtotal 16 16 16 11 
Coastal (1) Contamination Dead stock 1 1 1 1 
  Subtotal 1 1 1 1 
    TOTAL 57 55 55 44 
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Figure 3.  Environmental Incidents by Resource 
Type Affected

Land 
35% 
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2%
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35%

 
 

 
Details of the significant incidents are presented below. 
 

14. AIR 
 

 Smoke complaints featured highly over the reporting period with nine complaints 
received.  The complaints concerning urban sites related to occupants burning 
waste where the smoke crossing the property boundary was objectionable.  On the 
majority of occasions staff are unable to verify the smoke as being objectionable, 
so are unable to carry out enforcement action.  

 
15. LAND 

 
 Contamination of land with rubbish was noted again over the reporting period.  In 

the majority of cases of dumped rubbish there are no eye witnesses so 
enforcement action cannot be undertaken.  

 
16. WATER 

 
 Contamination of watercourses by dead stock featured over the reporting period.  

The majority of stock had been washed down watercourses and there were only a 
small number of reports of dumped offal.  

 
17. COAST 

 
 One incident involving dead stock was reported.  

 
18. RESPONSE TIME 
 

 Incidents are responded to according to their urgency, level of significance and 
effect on the environment. Incidents that require an immediate response are 
classified as “urgent” and a response is required within four hours of receipt of the 
notification.  Non-urgent incidents require a response within two days of receipt of 
notification. 
 
Table 2 shows the response rate for incidents over the reporting period. 
 
Table 2.  Response rate for incidents over the reporting period 
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Significance Number of 
incidents 

Response within 
required time 

Response rate 

Urgent 16 13 81% 
Non-urgent 41 33 80% 
Overall 57 46 80% 

 
In some cases the response was not within the required time period, generally due 
to prior work commitments by staff in relation to ongoing investigations for potential 
enforcement action, or the requirements of the monitoring programme.  Every effort 
is made to meet the response time.  
 

19. RESPONSE TO COMPLAINANTS 
 

 Improvement is required in staff advising complainants of incident outcomes.  For 
the reporting period statistics show that staff reported back to 77% of complainants, 
which is well below the required 90%.  One area for improvement is that when 
incidents are passed on to District Councils or other Horizons teams, the 
complainants need to be advised of this action.  
 

 
 
 
A F Russell     G J Carlyon 
ENVIRONMENTAL PROTECTION  GROUP MANAGER REGIONAL PLANNING  
MANAGER     AND REGULATORY 
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TABLE 3: REPORT OF NON-COMPLIANCES FOR OCTOBER – NOVEMBER 2009 
 

Consent holder Activity Location 
Hautapu Pine Products Ltd 
101492 

Discharge to Air SH 1, BENNETTS SIDING,  
TAIHAPE 

1/10/2009 Routine 
 
Breach of particulate concentrations in the discharge from the boiler; no identifiable environmental effect. 
 
Significant non-compliance given 
Advised to engage services of consultant and apply for a variation, and ensure it contains a comprehensive 
assessment of environmental effects relating to the changes and any effects on the air quality 
Follow-up inspection to be arranged 
 
Glenbervie Farms Ltd 
102659 

Discharge to Land HINEMOA VALLEY ROAD, KAITAWA 
PAHIATUA 

14/10/2009 Routine 
 
Effluent discharging through the joins in the hydrant running down the bank within 20 m of the watercourse.  
Effluent discharged from the travelling irrigator running off the paddock and down the bank within 20 m of the 
watercourse. 
 
Significant non-compliance given 
Abatement Notice issued 
Infringement Notices issued 
Follow-up inspection to be arranged 
 
HT&RF Ebbett  
102837 

Discharge to Land HINEMOA VALLEY ROAD, KAITAWA 
PAHIATUA 

14/10/2009 Routine  
 
Effluent was over-topping the wall of the second effluent pond and running down the bank into the nearby 
watercourse.  
 
Significant non-compliance given 
Abatement Notice issued 
Infringement Notices issued 
Follow-up inspection to be arranged 
 
AT&TK Brown  
104902 

Discharge to Land 958 KOHINUI ROAD, PAHIATUA 

14/10/2009 Routine  
 
Effluent siphoning from irrigator leading to ponding  
Significant non-compliance given 
Abatement Notice issued 
Follow-up inspection to be arranged 
 

 
 
 
 
 
 
 
 
 
 
TABLE 4: INFRINGEMENT NOTICES ISSUED OCTOBER – NOVEMBER 2009 
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An Infringement Notice is a fine issued by an enforcement officer under delegation from 
the Environmental Protection Manager, to a person in breach of sections in the Resource 
Management Act 1991.  
 

Consent Holder/Responsible Party Section of Act 
Contravened 

Details 

LB Transport Limited (407) 15 (1) b Incident 
Unauthorised discharge of contaminants to 
land where it may enter water 

Halcombe Road, Halcombe 
 
Harvey Thomas Ebbett (408) 15 (1) (b) Non-compliance  

Pond overflow to watercourse 
Hinemoa Valley Road, Tararua 
 
Glenbervie Farms Limited (409) 15 (1) (b) Non-compliance  

Runoff from irrigator and discharge from 
hydrant to watercourse 

Hinemoa Valley Road, Tararua 
 
Mark Stanley Connors (410) 15 (1) (b) Non-compliance  

Discharge of stand-off pad effluent and silage 
leachate to Whangaehu River 

108 Whangaehu Beach Road, Whangaehu 
 
Peter Edward Gore (411) 15 (1) (b) Non-compliance 

Effluent ponding 
242 Te Ngaio Road, Bunnythorpe 
 
Peter Letham Horn (412) 15 (1) (b) Non-compliance 

Effluent ponding and run-off within 20 m of 
the property boundary and a farm drain 

1221 Camerons Line, Feilding 
 
Kevin Thomas Myers (413) 15 (1) (b) Non-compliance 

Ponding of effluent on land 
353 Turakina Valley Road, Marton 
 
 
TABLE 5: ABATEMENT NOTICES ISSUED OCTOBER – NOVEMBER 2009 
 
An Abatement Notice is a legal notice served on a person by an enforcement officer, to 
have the person either cease an activity or to undertake activity to ensure compliance 
with the Resource Management Act 1991.  
 

Consent Holder/Responsible Party Activity Location 
Birnam Wood Land Holdings Limited 
(Director Richard Swainson) 

Incident Makuhou Road, Marton 

10-Oct-09 
Cease the aerial discharge of agricultural chemicals to air that has an adverse effect beyond the target 
property boundary. 
L B Transport Limited 
(Manager - Leonard Burton) 

Incident Halcombe Road, Halcombe 
 

13-Oct-09  
Cease discharge of effluent from stock truck tanks to land where they may enter water. 
Makowhai Farms Limited 
(Copies sent to all Directors) 

Incident 252 Taylor Road, Sanson 

16-Oct-09  
Cease the discharge of dairy effluent from sump into roadside drain. 
Harvey Ebbett & Robyn Ebbett 
 

Non-compliance Hinemoa Valley Road, Pahiatua 
 

20-Oct-09 
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Consent Holder/Responsible Party Activity Location 
Cease the discharge of effluent from the pond overflow into a watercourse. 
TK Brown 
(Farm Manager - Hayden Brown)  

Non-compliance 658 Kohinui Road, Pahiatua 

21-Oct-09 
Cease the unauthorised ponding of farm dairy effluent.  
ARBY Ltd  
(Directors: AJ and M Arbuthnott) 

Non-compliance Hinemoa Valley Road, Pahiatua 

29-Oct-09 
Cease the unauthorised discharge of farm dairy effluent onto land where it may enter an unnamed tributary 
of the Tiraumea River.  
Mark Stanley Connors 
 

Incident 108 Whangaehu Beach Road, 
Whangaehu 

29-Oct-09 
Cease the unauthorised discharge of stand-off pad effluent into the Whangaehu River. 
Peter Edward Gore 
 

Non-compliance 242 Te Ngaio Road, Bunnythorpe 
 

10-Nov-09  
Cease unauthorised ponding. 
Peter Letham Horn 
 

Non-compliance 1221 Camerons Line, Feilding 
 

11-Nov-09 
Cease ponding and discharge within 20 m of property boundary and watercourse. 
Keith Tunnicliffe  
 

Incident 24a Lethbridge Street, Feilding 

11-Nov-09  
Cease discharge of contaminant from trade and industrial site. 
Andrew Eric Falloon 
 

Incident Mt Baker Road, Alfredton, Eketahuna 

12-Nov-09 
Discharge of contaminant to land where it entered water. 
Kevin Thomas Myers 
 

Non-compliance 353 Turakina Valley Road, Marton 
 

19-Nov-09 
Cease ponding of dairy effluent onto and into land and cease unauthorised discharge of dairy effluent from 
sump overflow. 
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SUMMARY OF ENVIRONMENTAL INCIDENTS OCTOBER – NOVEMBER 2009 
 

Figure 4. Comparison of the monthly summary of environmental incidents received by the 
Environmental Protection Team.  
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Figure 5.  Comparison of the number of environmental incidents received each month over 
the past 11 years. 
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Figure 6.  Comparison of the total number of environmental incidents received over the 
past 11 years. 
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NUMBER OF INCIDENTS BY YEAR
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A F Russell     G J Carlyon 
MANAGER ENVIRONMENTAL   GROUP MANAGER REGIONAL PLANNING 
PROTECTION     AND REGULATORY 
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ANNEX B TO ITEM 7
Report No: 09-195  

 
RESOURCE CONSENT ACTIVITIES FOR OCTOBER AND NOVEMBER 2009 

 
1. MONTHLY OVERVIEW 

 
With the end of the year nearing the focus on is on resolving some of the larger consents 
prior to Christmas. 
 
Two large hearings in progress are the joint hearing between Horizons Regional Council 
and Tararua District Council for the application made by NZ Windfarms relating to the 
Te Rere Hau proposed eastern extension and the application for the diversion of the Taonui 
Basin.   
 
The windfarm application was a major organisational effort (as Horizons was the lead 
agency) which involved a large number of the council’s personnel over a four week period.  
By and large the hearing ran smoothly and this is a credit to all concerned.  Indeed a four 
week process seems incredibly short when compared to the Turitea windfarm call in 
procedure. 
 
The other major hearing playing out is the Taonui Basin.  It is fair to say that this process 
has been difficult for all concerned.  The complexity of such a massive project has been 
daunting and unravelling the adverse effects on particular land holdings so that they can be 
seen to have been avoided, remedied or mitigated is nigh on impossible.  Accordingly the 
hearing has been difficult for all parties and is yet to be resolved.  
 
A number of pre-hearing meetings have been scheduled for December.  These are of 
course notified applications and tend to be larger and more protracted than their non-
notified counterparts.  The pre-hearing process continues to be a useful tool to achieving 
resolution. 
 
The RMA changes are now in full swing.  In short this has meant a change from helping 
people “develop” their applications once they were lodged, to encouraging pre-lodgement 
meetings due to the restrictions around requests for further information and associated 
tightening of timeframes.  In essence, this means the Consents Team make a more 
conservative appraisal of the completeness of applications when they are received.  More 
applications are being returned as incomplete.  To avoid this, we have extended an 
invitation out to those consultants and persons that we work with regularly to discuss the 
new operating environment and in particular to encourage pre-applications / draft 
applications ensuring that applications are complete and ready to process. 
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October and November Figures
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Table 1: Lodged and resolved consents in October and November  

 
2. MONTHLY COMPARISON  

 

October and November Lodged Comparison
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Table 2: Lodged consents in October and November 2007-2009.   
 
Please note that one certificate of compliance was also lodged in November but is not 
reflected in the figures.  You will see that numbers were higher for last year due to the large 
number of dairy effluent applications made due to the Intensive Monitoring Focus by the 
Environmental Protection Team. 
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October and November Resolved Comparison
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Table 3: Resolved consents in October and November for 2007-2009. 

 
3. TIMEFRAMES 

 
Below in Table 4 you will cite our performance in relation to consents processed outside of 
timeframes.  All the consents that have been over time were lodged prior to July 2009 
reflecting our hard efforts and the focus we have had since July 2009 on not missing any 
timeframes. 
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Table 4: Timeframes over for this financial year 

142



4. NOTIFIED CONSENTS THAT REQUIRE RESOLUTION 
 
We currently have 28 publicly notified applications.  These are at various stages through 
the process from having just been notified through to submissions being received and a 
pre-hearing meeting or full hearing having been convened or held.  Two consents were 
resolved being the Feilding Golf Club groundwater abstraction which was granted in 
October and the Horowhenua District Council Kuku Stream diversion and abstraction 
granted in November. 
 
No Notified Consents Requiring Action 
1 Horowhenua District Council – Shannon Sewage (2001 application) 
2 Bullocks – Gravel extractions 
3 Tararua District Council – Norsewood Sewage discharge to water 
4 Ruapehu District Council – Hikumutu Sewage discharge to water 
5 Levin Meats – Undertake  
6 New Zealand Sawn Products – Stormwater discharge to land and water 
7 Tararua District Council – Pahiatua Sewage discharge to water 
8 Tararua District Council – Eketahuna Sewage discharge to water 
9 Ruapehu District Council – National Park discharge to water 
10 Ruapehu District Council – Rangataua Sewage Treatment Plant discharge to water 
11 Winstone Pulp – Discharge to air 
12 Winstone Pulp – Undertake  
13 SJ Pearson Ltd – Discharge vegetable water to water and surface take 
14 NZ Energy – Mini hydro power scheme  
15 Horowhenua District Council – Levin Sewage Treatment Plant discharge to land 

and the discharge to air 
16 Silver Fern Farms – Discharge fellmongery sludge to land 
17 Manawatu District Council – Feilding Sewage discharges to land, water and air and 

associated land use consents 
18 Ngati Waewae – Gravel extraction 
19 Mighty River Power Ltd – Turitea Wind Farm 
20 Open Country Dairy Ltd – Coastal discharge of milk condensate to water 
21 DB Breweries Ltd – Discharges to water and land from the Tui Brewery  
22 The Happy Hog Ltd – Discharge of piggery effluent to land and odour to air 
23 Horowhenua District Council – Waikawa Stream diversion 
24 Tararua District Council – Dannevirke water supply 
25 NZ Windfarm Ltd – Proposed eastern extension on Te Rere Hau wind farm 
26 Horizons Regional Council – Diversion of the Taonui Basin 
27 Horizons Regional Council – Upgrade a section of stopbank 
28 Manawatu District Council – Feilding Sewage discharges to land, water and air and 

associated land use consents 
 
 
5. NOTIFIED APPLICATIONS FOR OCTOBER AND NOVEMBER  
 

Two consents were publicly notified in November for the Feilding Sewage Treatment Plant 
and Open Country Dairy Ltd.  The submission period is still open with nil submissions being 
received as at 30 November 2009.  No consents were notified in October. 
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6. APPEALS 
 
 The tables below outline the small number of consents currently under appeal or with cost 

objections.   
 

Applicant Status Consent Number 
Levin Meats Awaiting GNS report, expect 

Hearing January or February 
2010 

Consent 103795 

Rangitikei Aggregates  Awaiting decision from 
Courts 

Consent 103677 

Tararua District Council  
Woodville Water Supply 

Appeal against decision Consent 102773/2 

Horowhenua District Council  
Shannon Sewage (2006 
applications) 

With Environment Court Consents 103888 
and 103889 

Horowhenua District Council  
Foxton Sewage Treatment Plant 

Awaiting consent order from 
Court  

Consents 103925 
and 103926 

Meridian Energy Ltd  
(Project Central Wind Farm) 

Awaiting Court decision, 
Hearing already held 

Consents 104465 – 
104471 

Contact Energy Ltd  
(Waitahora Wind Farm) 

First mediation meeting has 
now concluded, second 
mediation meeting 
scheduled for February 2010 

Consents 104606 – 
104615  

 
Cost Objection 
 
• Horowhenua District Council – Shannon Sewage  
• Backhouse and Galea (dairyshed effluent discharge) 
 
Appeals / Objections Resolved 
 
Applicant Details 
Horowhenua District Council (Shannon Sewage) Decision to re-notify applications 

 
7. PRE-HEARINGS AND HEARINGS HELD IN OCTOBER AND NOVEMBER 2009 
 

The hearings are continuing for the Mighty River Power’s Turitea Wind Farm called in by 
the Ministry for the Environment.  The joint hearing is expected to reconvene in February 
2010. 

 
Consent 
Number 

Applicant Activity Hearing 

104949 etc NZ Windfarms Te Rere Hau 
extension 

Joint Hearing – Travelodge, 5-14 October 
2009 

104949 etc NZ Windfarms Te Rere Hau 
extension 

Joint Hearing – Convention Centre,
28 and 29 October 2009 

104949 etc NZ Windfarms Te Rere Hau 
extension 

Joint Hearing – Convention Centre, 
11 November 2009 

7202/1 and 
7183/1 

Ratanui 
Developments 

Variation to existing 
piggery 

Pre-hearing – The Order of St John, 
Feilding, Tuesday 6 October 2009 

6009/ etc Horowhenua 
District Council  

Levin Landfill  Final Pre-hearing – Horowhenua District 
Council, Friday 9 October 2009  

104817 etc Horowhenua 
District Council 

Waikawa Stream 
Diversion 

Pre-hearing – Horowhenua District 
Council, Tuesday 20 October 2009 
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105016 Horizons Regional 
Council  

Stopbank upgrade Pre-hearing – Horizons Regional Council 
(Boardroom), 29 October 2009 

104965 Horizons Regional 
Council  

Taonui Basin Hearing – Palmerston North Convention 
Centre, 4 – 6 November 2009 

101557 
and 
101558 

Horowhenua 
District Council  

Kuku Pipe Pre-hearing – Horowhenua District 
Council (Horowhenua Room), 
16 November 2009 

 
 
8. SCHEDULED PRE-HEARINGS AND HEARINGS 
 
Consent 
Number 

Applicant Activity Hearing 

104315 Silver Fern Farms 
Ltd 

Poultry discharge 
to land 

Pre-hearing – Horowhenua District 
Council, 1 December 2009 

104805 etc The Happy Hog Piggery Pre-hearing – Caccia Birch (Lord Plunket 
Room) 10 December 2009  

104947 Tararua District 
Council  

Dannevirke Water 
Supply 

Pre-hearing – Horizons Regional Council 
(CD Room), 14 December 2009 

103346, 
103347 
and 
103732 

Tararua District 
Council  

Eketahuna Sewage 
Treatment Plant 

Pre-hearing – Horizons Regional Council 
(CD Room), 15 December 2009 

104758 etc DB Breweries Ltd  Tui Brewery 
discharge to land 
and water 

Pre-hearing – December 2009 

104758 etc DB Breweries Ltd  Tui Brewery 
discharge to land 
and water 

Hearing – February 2010 

 
 
 
 
Richard Munneke 
POLICY AND CONSENTS MANAGER 
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9. OCTOBER 2009 
 

Types of Consents Resolved in October

29%

52%

14%

5%

Discharge Permit

Water Permit

Land Use Consent

Change of consent
conditions

 
 
Non-Notified Consents Granted in October 2009 
 

Discharge Permits 
Applicant and Location Type 

105025 – PGG Wrightson Ltd – 
Station Road, Fordell 

Discharge Permit (to discharge stockyard effluent, washdown 
water and contaminated stormwater into and onto land at Station 
Road, Fordell) 

105027 – Alliance Group Ltd – 
Hokio Beach Road and Hamaria 
Road, Levin 

Discharge Permit (to discharge stormwater to land at the 
northern corner of Hokio Beach Road and Hamaria Road, Levin) 

104777 – GJ and JD Sandilands 
– Feilding 

Discharge Permit (to discharge piggery effluent including effluent 
contaminated wash water and stormwater, pig urine, excrement, 
used bedding, waste feed and pond sludge to land from 
1,010 pigs at Forlongs Road, Feilding) 

104977 – Fonterra Co-operative 
Group Ltd – Pahiatua 

Discharge Permit (to discharge dairyshed and yard effluent, race 
effluent, stand-off pad effluent, silage leachate, dairyshed and 
yard washdown water, yard and stand-off pad solids, stone trap 
sludge, vat wash and contaminated stormwater from 500 milking 
cows to land at Scarborough Road, Pahiatua) 

 
 

Water Permits 
Applicant and Location Type 

105037 – Four Roads Farm Ltd – 
Eketahuna 

Water Permits (to take 62 cubic metres per day of surface water 
from a five metre deep riparian well (No. 366013) for the purpose 
of providing stockwater and dairyshed washdown water at 
Nireaha Road, Eketahuna) 

104946 – Otaura Farm Co Ltd – 
Shannon 

Water Permit (to take 2,160 cubic metres per day of surface 
water from the Tokomaru River for the purpose of providing water 
for irrigation at 47 Otaura Road, Shannon) 

105020 – Parlato Farming Co 
(2008) Ltd – Foxton 

Water Permit (to take 2,400 cubic metres per day of surface 
water from the Manawatu River for the purpose of providing 
water for irrigation at Foxton Shannon Road, Foxton) 
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105087 – RC McIntyre – 
Hunterville 

Water Permit (to take 84.6 cubic metres per day of groundwater 
from well number 786001 for the purpose of providing stockwater 
and dairyshed washdown water at 51 McIntyre Lane, Hunterville) 

104920 – Aokautere Farms Ltd – 
Palmerston North 

Water Permit (to take 1,300 cubic metres per day of surface 
water from a pond adjacent to the Manawatu River at Forest Hill 
Road, Palmerston North) 

104857 – Hopkins Farming 
Group Ltd (Apiti Heights) – Apiti 

Water Permit (to take 145 cubic metres per day of surface water 
from the Mangiora Stream for stock watering and shed wash 
down purposes at Main South Road, Apiti) 

105066 – Perry Berrys Ltd – 
Tangiwai 

Water Permit (to take 360 cubic metres per day of surface water 
from the Waitangi Stream at 85 Stouts Road) 

104893 – Michelen Farms Ltd – 
Opiki 

Water Permit (to take 84 cubic metres per day of surface water 
from a riparian well (No. 344108) for dairyshed and stock 
watering purposes at Poplar Road, Opiki) 

105015 – Hyde Park Farms Ltd – 
Bulls  

Water Permit (to take 4,752 cubic metres per day of groundwater 
from well number 312029 for the purpose of supplying water for 
irrigation at Santoft Road, Bulls at Santoft Road, Bulls) 

 
 

Land Use Consent 

Applicant and Location Type 

105038 – Trustees of The Maori 
Trustee – Taumarunui 

Land Use Consent (to construct a drift deck ford crossing over 
the Taringamotu Stream at Waitangi Road) 

 
 

Change of Consent Conditions 
Applicant and Location Type 

102140/1 – RC McIntyre – 
Hunterville Change of consent conditions (dairyshed effluent to land) 

 
 

Various 
Applicant and Location Type 

104930, 104931, 105102, 
105103 and 105104 –  
NZ Transport Agency – Manakau 

Land Use Consent (104930) to construct a new Waiauti Stream 
Bridge located over the Manakau Stream, a Land Use Consent 
(105104) to undertake land disturbance and vegetation clearance 
within 5m of the Manakau Stream, a Water Permit (104931) to 
divert the Manakau Stream, a Discharge Permit (105103) to 
discharge contaminant, mainly cleanfill, to land, and a Discharge 
Permit (105102) to discharge stormwater to land at State 
Highway 1, Manakau 

 
 
Limited Notified Consents Granted in October 2009 
 

Water Permit 
Applicant and Location Type 

104307 – Feilding Golf Club – 
Feilding 

Water Permit (to take 437.5 cubic metres per day of groundwater 
from well number 325047 for the purpose of irrigating of up to 
7 ha of greens, lees and fairways at the Feilding Golf Club at 
1487 Waughs Road, Feilding) 
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