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This report provides a summary of key water quality parameters for Eels Lake measured as part of the long-
term research program on the Kawartha region by the Trent Aquatic Research Program (TARP). One aim of 
this research is to track the health of the region’s lakes as a means to identify problems early and to better un-
derstand longer term dynamics. So far, lake data has been collected over six years from fifty-two lakes. Due to 
logistics and financial constraints, not all lakes are sampled for all variables each year but this remains a goal 
as the program continues to develop. This lake-specific report uses the collected data to provide you infor-
mation on Eels Lake including water clarity, temperature, dissolved oxygen, phosphorus, calcium, and chloro-
phyll. For more background on these parameters and their meaning, please refer to our short review of water 
quality basics and limnology (email paulfrost@trentu.ca for a free copy). 
 
To learn more about the Trent Aquatic Research Program and how you can support this work, please visit:  
https://mycommunity.trentu.ca/tarp 

Temperature and Oxygen: We have repeatedly 
measured the temperature and dissolved oxygen concen-
trations in Eels Lake across depths. On this day of sam-
pling in 2019, temperature was about 21°C at the surface 
and 4°C at the lake’s bottom. Dissolved oxygen was 
high in surface waters (~112%) of Eels Lake and very 
low in the deepest waters (>25 m). The supersaturation 
(>100%) seen in surface waters likely reflects oxygen 
being released from algae into the water column faster 
than it can escape to the atmosphere or recent changes in 
surface temperatures. The complicated pattern of dis-
solved oxygen with increasing depth is more difficult to 
explain but reflects differences in temperature and pro-
cesses that add or remove dissolved oxygen from the 
water column. 

 
Total Phosphorus: Concentrations of total phospho-
rus in Eels Lake are generally lower than those seen in 
other Kawartha region lakes. In three of the last four 
years, total phosphorus in Eels Lake has been below the 
regional average. There has been no consistent direc-
tional trend in values since sampling started in 2017. In 
general, these values observed in Eels Lake are con-
sistent with good water quality as total phosphorus val-
ues below 10 ug/L are generally associated with low al-
gal biomass and do not generally result in harmful algal 
blooms. 
 
Sampling Location. In Eels Lake, we sample at the 
deepest location in the main lake. Click here to see this 
location in Google Maps:  

 44°53'22.19"N   78° 7'30.03"W 
 

 
This report was produced by the Trent Aquatic Research Program, Trent University, Peterborough, On-
tario. Please direct all questions and inquiries about this report to Dr. Paul Frost.  
Email: paulfrost@trentu.ca  

In this graph and the ones to follow, orange dots represent 
measurements for Eels Lake, blue dots denote data from other 
sampled lakes, and open squares mark the average of the sam-
pled lakes. 
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Water Clarity: Secchi depths in Eels Lake are usual-
ly about 4 to 6 meters, which is a depth very close to the 
regional average. We found a deeper Secchi depth in 
2020 but it is not clear if this is part of an emerging pat-
tern or normal year to year variability. Overall, these 
Secchi depths are consistent with high water clarity and 
good water quality in Eels lake.  
 
 
 
 

 
Chlorophyll: The concentration of chlorophyll in 
Eels Lake is generally quite low. In all four years, we 
found chlorophyll concentrations below 5 ug/L, which is 
at or below the Kawartha region average. These low val-
ues of chlorophyll are consistent with low algal biomass 
and good water quality in Eels Lake. They also indicate 
that Eels Lake is at low risk of experiencing a harmful 
algal bloom. 
 
 
 
 

 
Calcium: Calcium concentrations in Eels Lake are 
about 7-8 mg Ca/L. This value has been consistent over 
the past three years and are lower than the regional aver-
age (12-14 mg Ca/L). However, Eels Lake has slightly 
higher Ca concentrations than many of the lakes in the 
Kawartha Highlands and these concentrations are above 
the lower values (2-3 mg Ca/L) thought to place lake 
foodwebs at risk. Altogether, calcium is not something 
of immediate concern for Eels Lake.  
 
 
 
 

Dissolved oxygen: The concentrations of dissolved 
oxygen in water 1 meter off the bottom of Eels Lake 
have been variable over the past four years. In three 
years, dissolved oxygen was higher than the regional 
average at levels that would be of no concern. We found 
much less dissolved oxygen (close to 0% saturation) at 
the bottom of Eels Lake in 2019. These year to year dif-
ferences indicate that there are likely local conditions 
that create differences in oxygen consumption at the bot-
tom of Eels lake that vary annually. The source of this 
variability is unknown and could be studied further. 
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Bottom waters 

Summary of sampling information. We collect water for this program once each summer during late-July or August. 
Water is collected from a single location at the deepest point in each lake from two depths (1 m below surface and 1 
m above sediments). We use standard methods both in the field and laboratory and ensure all data are high quality 
through use of a thorough QA/QC process. All data are available in a comprehensive database upon request.   
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<RX�VKRXOG�QRW�EH�VXUSULVHG�WKDW�WKHUH�LV�

DQ� HQWLUH�ZRUOG� WR� VWXG\� MXVW� EHORZ� WKH�

ODNH¶V� VXUIDFH�� :KHWKHU� LW¶V� ZKLWHFDSV�

EUHDNLQJ�GXULQJ�D�VWLII�EUHH]H�RQ�D�ZDUP�

VXPPHU� DIWHUQRRQ� RU� WKH� ZDWHU� JHWWLQJ�

FROGHU� DV� \RX�GLYH�GHHS� LQWR� \RXU� ODNH��

WKHUH�DUH�FRPSOH[�SK\VLFDO�SURFHVVHV�DW�

SOD\� LQ� WKH�ZDWHU��1RW�RQO\� WKDW�� WKHUH� DUH� D�P\ULDG�RI� FKHPLFDO� SURFHVVHV� WKDW� FRQWURO� \RXU� ODNH¶V�

FODULW\�DQG�DOORZ�DOJDH�DQG�RWKHU�VXEVXUIDFH�OLIH�WR�VXUYLYH�DQG�JURZ��7KLV�VXEVXUIDFH�OLIH�LV�SDUW�RI�DQ�

HQWLUH� IRRGZHE� OXUNLQJ� XQGHU� WKH� ODNH¶V� VXUIDFH� WKDW� LQFOXGHV� D� GLYHUVLW\� RI� OLYLQJ� WKLQJV� LQFOXGLQJ�

EDFWHULD�� DOJDH�� ]RRSODQNWRQ�� LQVHFWV�� DTXDWLF� SODQWV�� DQG� ILVK��7KH� VWXG\� RI� DOO� RI� WKLV�� WKH� SK\VLFV��

FKHPLVWU\�� DQG� ELRORJ\� RI� ODNHV�� LV� WKH� PDLQ� IRFXV� RI� D� VFLHQWLILF� ILHOG� FDOOHG� OLPQRORJ\�� ,Q� WKLV�

ERRNOHW�� ZH�ZLOO� JLYH� \RX� D� EULHI� RYHUYLHZ� RI� OLPQRORJ\� DQG� VKRZ� \RX� KRZ� WKLV� FRQQHFWV� WR� WKH�

TXDOLW\�RI�ZDWHU�LQ�\RXU�ODNH� 
 

7UHQW�8QLYHUVLW\�KDV�DQ�DFWLYH�ODNH�PRQLWRULQJ�SURJUDP�WKDW�FROOHFWV�DQG�DQDO\]HV�ZDWHU�TXDOLW\�LQ�WKH�

.DZDUWKD-+DOLEXUWRQ� UHJLRQ�� $V� SDUW� RI� WKHVH� HIIRUWV�� WKH� )URVW� ODERUDWRU\� DW� 7UHQW� 8QLYHUVLW\�

�IURVWODE�FD��EHJDQ�PRQLWRULQJ�ZDWHU�TXDOLW\�RI� ODNHV� LQ� WKH�.DZDUWKD�5HJLRQ� LQ�������$IWHU�D�\HDU�

RII�� WKH\� FROOHFWHG� VDPSOHV� \HDUO\� VLQFH� ����� DQG� SODQ� WR� FRQWLQXH� WKLV� DQQXDO� VDPSOLQJ� IRU� WKH�

IRUHVHHDEOH�IXWXUH�� 
 

7KLV� VDPSOLQJ�SURJUDP� LV�QRZ�FRPSOHWHG� DV�SDUW� RI� WKH�7UHQW� $TXDWLF� 5HVHDUFK� 3URJUDP� �7$53��

KWWSV���P\FRPPXQLW\�WUHQWX�FD�����-JLYLQJ�WUHQW-DTXDWLF-UHVHDUFK-SURJUDP��� ZKLFK� PRQLWRUV� ODNH�

KHDOWK� LQ� WKH�.DZDUWKD-+DOLEXUWRQ� UHJLRQ� DV� SDUW� RI� LWV� DTXDWLF� UHVHDUFK� DQG� HGXFDWLRQDO� DFWLYLWLHV��

7KH�PRQLWRULQJ�SURJUDP�SURYLGHV� D� VQDSVKRW�RI�KHDOWK� IRU� VHOHFWHG� ODNHV�RQ�DQ�DQQXDO�EDVLV��(YHQ�

PRUH� LPSRUWDQWO\�� LW� ZLOO� SURYLGH� ORQJ-WHUP� LQIRUPDWLRQ� RQ� ZDWHU� TXDOLW\� WKDW� LV� QHFHVVDU\� IRU�

GHWHFWLQJ�DQG�XQGHUVWDQGLQJ�WUHQGV�RYHU� WLPH��+DYLQJ�ORQJ-WHUP�LQIRUPDWLRQ�SXWV� WKH�GDWD�FROOHFWHG�

HDFK� \HDU� LQ� FRQWH[W�� ZKLFK� KHOSV�ZLWK� WKH� LGHQWLILFDWLRQ� RI� FXUUHQW� RU� HPHUJLQJ� SUREOHPV� LQ� ODNH�

KHDOWK� 
 

7KLV� ERRNOHW� SURYLGHV� D� VKRUW� UHYLHZ� RI� WKH� SULPDU\�ZDWHU� TXDOLW\� YDULDEOHV� LQFOXGHG� LQ� WKH�7$53�

PRQLWRULQJ�SURJUDP�DQG�RI�LQWHUHVW�WR�ODNH�VWHZDUGV��FRWWDJHUV��DQG�RWKHU�VWDNHKROGHUV��7KH�IROORZLQJ�

VHFWLRQV�RI�WKLV�SULPHU�EULHIO\�H[SODLQV�DQG�UHYLHZV�HDFK�RI�WKH�YDULDEOHV�WKDW�DUH�QRUPDOO\�PHDVXUHG�

DQG�UHSRUWHG�LQ�RXU�ZDWHU�TXDOLW\�UHSRUWV�RQ�\RXU�ODNH�  

:KDW¶V�LQ�WKH�ZDWHU�DW�WKH�ODNH"� 

$�EULHI�UHYLHZ�RI�ZDWHU�TXDOLW\�DQG�OLPQRORJ\ 

7UHQW�$TXDWLF�5HVHDUFK�3URJUDP��7UHQW�8QLYHUVLW\��3HWHUERURXJK��2QWDULR��&DQDGD 



Ϯ 

7HPSHUDWXUH� 
%DFNJURXQG��:DWHU� WHPSHUDWXUH� LV� D� SURSHUW\� WKDW� LV� SUREDEO\� IDPLOLDU� WR�PRVW� UHDGHUV� RI� WKLV�

ERRNOHW��,Q�WKH�ZLQWHU��D�OD\HU�RI�LFH�DQG�VQRZ�VLW�RYHU�IULJLG�ZDWHUV�EXW�E\�ODWH�VXPPHU�\RX�FDQ�HQ�

MR\�D�UHIUHVKLQJ�GLS�RII�WKH�HQG�RI�\RXU�GRFN��7KLV�VHDVRQDO�SDWWHUQ�LQ�WHPSHUDWXUH�UHSHDWV�HDFK�\HDU�

ZLWK�ZDWHU�ZDUPLQJ�XS�DQG�FRROLQJ�GRZQ�RQ�D�VHDVRQDO�F\FOH��7KHVH�FKDQJHV�LQ�ZDWHU�WHPSHUDWXUH�

DIIHFW�WKH�PRYHPHQW�RI�ZDWHU�LQ�WKH�ODNH��$V�VXUIDFH�ZDWHUV�ZDUP�LQ�VSULQJ��WKH\�EHFRPH�OHVV�GHQVH�

DQG� IORDW� RQ� WKH� WRS�RI� FROGHU�� ERWWRP�ZDWHUV��7KLV�ZDUP-FROG� OD\HULQJ�RI�ZDWHU� LV� FDOOHG� WKHUPDO�

VWUDWLILFDWLRQ�DQG�JHQHUDOO\�ODVWV�XQWLO IDOO��ZKHQ�WKH�VXUIDFH�ZDWHUV�FRRO�DQG�EHJLQ�WR�VLQN��7KLV�UH�

VXOWV�LQ�D�WKRURXJK�PL[LQJ�RI�WKH�ODNH¶V�HQWLUH�ZDWHU�FROXPQ�VXFK�DOO�OD\HUV�LQWHUPL[�ZLWK�HDFK�RWKHU��

'XULQJ� WKLV�PL[LQJ� SHULRG�� \RX�ZLOO� ILQG� WKH� VDPH� WHPSHUDWXUH� IURP� WKH� WRS� WR� WKH� ERWWRP� RI� WKH�

ODNH¶V�ZDWHU�FROXPQ��6RPH�ODNHV��LQFOXGLQJ�VRPH�LQ�WKH�.DZDUWKD�UHJLRQ��DUH�WRR�VKDOORZ�IRU�SHUVLV�

WHQW�WKHUPDO�VWUDWLILFDWLRQ�WR�RFFXU�HYHQ�LQ�WKH�PLGGOH�RI�VXPPHU��,Q�WKHVH�ODNHV��WKH�ZDWHU�FROXPQ�

IUHTXHQWO\�PL[HV� IURP� WRS� WR�ERWWRP�� ,Q�JHQHUDO�� SDWWHUQV�RI� WHPSHUDWXUH�� DQG�SDUWLFXODUO\� WKHUPDO�

VWUDWLILFDWLRQ��FRQWURO�D�ORW�RI�ZKDW�KDSSHQV�WR�WKH�ODNH�HFRV\VWHP�EHFDXVH�WKHVH�WHPSHUDWXUH�OD\HUV�

DIIHFW�R[\JHQ�H[FKDQJH��ZDWHU�S+��WKH�XQGHUZDWHU�OLJKW�HQYLURQPHQW��DQG�WKH�DYDLODELOLW\�RI�NH\�QX�

WULHQWV��,W�LV�WKXV�YHU\�LPSRUWDQW�WR�NQRZ�WKH�ODNH¶V�WHPSHUDWXUH��KRZ�PXFK�LW�FKDQJHV�RYHU�WKH�\HDU��

DQG�KRZ�LW�YDULHV�ZLWK�GHSWK� 
 

0HDVXUHPHQW��:H�KDYH�SUHFLVH�WKHUPRPHWHUV�ZLWK�ORQJ�FRUGV�WKDW�DOORZ�XV�WR�PHDVXUH�WKH�WHPSHUD�

WXUH�IURP�WKH�VXUIDFH�DOO�WKH�ZD\�WR�WKH�ODNH�ERWWRP��:H�W\SLFDOO\�VHH�ZDWHU�WHPSHUDWXUHV�DW�ODNH�VXU�

IDFH� LQ� ��-��ႏ� GXULQJ� PLG-VXPPHU�� ZKLOH� WHPSHUDWXUHV� QHDU� WKH� ODNH� ERWWRP� DUH� PXFK� FROGHU�

����ႏ�� 

6XPPHU�WKHUPDO�VWUDWLILFDWLRQ�LV�FUHDWHG�E\�VRODU�KHDWLQJ�RI�ODNH�VXUIDFH�ZDWHUV��:KLOH�WKLV�KHDW�LV�UHGLVWULEXWHG�
E\�ZLQG��WKH�EXR\DQF\�RI�ZDUP�ZDWHU�NHHSV�WKLV�ZDUP�ZDWHU�QHDU�WKH�ODNH¶V�VXUIDFH��7KLV�FUHDWHV��WKUHH�GLVWLQFW�OD\HUV�LQ�
WKH�ODNH��7KH�HSLOLPQLRQ�LV�WKH�ZDWHU�VXUIDFH�OD\HU��7KH�PHWDOLPQLRQ�LV�WKH�OD\HU�ZKHUH�WHPSHUDWXUHV�FKDQJH�UDSLGO\��7KH�
K\SROLPQLRQ�LV�WKH�FROG��ERWWRP�OD\HU� 

7UHQW�$TXDWLF�5HVHDUFK�3URJUDP��7UHQW�8QLYHUVLW\��3HWHUERURXJK��2QWDULR��&DQDGD 



ϯ 

'LVVROYHG�2[\JHQ 
%DFNJURXQG��-XVW�DV�ZH�QHHG�WR�EUHDWKH�R[\JHQ�LQ�WKH�DWPRVSKHUH��PDQ\�DTXDWLF�DQLPDOV�GHSHQG�

RQ�WKH�R[\JHQ�GLVVROYHG�LQ�ZDWHU� WR�VXUYLYH��)LVK��IRU� LQVWDQFH��XVH�JLOOV� WR�EUHDWKH�LQ�R[\JHQ�GLV�

VROYHG�LQ�WKH�ZDWHU�DQG�DUH�TXLWH�VHQVLWLYH�WR�ORZ�R[\JHQ�FRQFHQWUDWLRQV��$V�OLPQRORJLVWV��ZH�DUH�LQ�

WHUHVWHG� LQ� WKH�FRQFHQWUDWLRQ�RI�GLVVROYHG�R[\JHQ� LQ� ODNH�ZDWHU�DQG�KRZ�PXFK� LW�YDULHV�DFURVV� WKH�

\HDU�DQG�ZLWK�GHSWK�RI�WKH�ZDWHU�FROXPQ��*HQHUDOO\�LQ�WKH�PLGGOH�RI�WKH�VXPPHU��\RX�ZLOO�VHH�KLJK�

FRQFHQWUDWLRQV�RI�GLVVROYHG�R[\JHQ�LQ�WKH�ZDWHU�QHDU�WKH�ODNH¶V�VXUIDFH��7KLV�R[\JHQ�LV�IRXQG�LQ�VXU�

IDFH�ZDWHUV�SDUWO\�GXH� WR�H[FKDQJH�ZLWK� WKH�DWPRVSKHUH��EXW� LW�FDQ�DOVR�EH�LQFUHDVHG�E\�DOJDH�DQG�

RWKHU�DTXDWLF�SODQWV��ZKLFK�UHOHDVH�R[\JHQ�GXULQJ�SKRWRV\QWKHVLV��,Q�IDFW��D�KLJK�OHYHO�RI�SKRWRV\Q�

WKHVLV�FDQ�RYHUVDWXUDWH�WKH�ZDWHU�ZLWK�GLVVROYHG�R[\JHQ�DQG�OHDG�WR�LWV�UHOHDVH�IURP�WKH�ODNH�LQWR�WKH�

DWPRVSKHUH��2Q� WKH�RWKHU�KDQG��PDQ\�RUJDQLVPV� LQ� WKH� ODNH� UHTXLUH�GLVVROYHG�R[\JHQ� WR�PDLQWDLQ�

EDVLF�OLIH�SURFHVVHV��DQG�DOO�RI�WKLV�EUHDWKLQJ�FDQ�UHGXFH�GLVVROYHG�R[\JHQ�FRQFHQWUDWLRQV��+LJK�OHY�

HOV�RI�R[\JHQ�FRQVXPSWLRQ�OHDG�WR�ORZ�FRQFHQWUDWLRQV�LQ�WKH�ODNH��HVSHFLDOO\�LI�WKH�ZDWHU�LV�LVRODWHG�

IURP�WKH�DWPRVSKHUH��ZKLFK�FDQ�KDSSHQ�LQ�WKH�FROG�ERWWRP�ZDWHUV�RI�ODNHV�GXULQJ�WKH�VXPPHU�ZKHQ�

ZDUPHU�VXUIDFH�ZDWHUV�IRUP�D�EDUULHU�WR�WKH�DWPRVSKHUH��'HSHQGLQJ�RQ�WKH�DPRXQW�RI�ELRORJLFDO�DF�

WLYLW\��ERWWRP�ZDWHUV�FDQ�EHFRPH�QHDUO\�IUHH�RI�GLVVROYHG�R[\JHQ��7KLV�VLWXDWLRQ��ZKLFK�LV�FDOOHG�DQ�

R[LD��PD\�OHDG�WR�ILVK�GHDWK�DQG�FDQ�GUDPDWLFDOO\�DIIHFW�FKHPLFDO�SURFHVVHV�LQ�WKHVH�ZDWHUV��2[\JHQ�

LV�DOVR�D�SULPDU\�FRQWUROOHU�RI�ODNH�FKHPLVWU\�DQG�LV�WKXV�HVSHFLDOO\�LPSRUWDQW�WR�PHDVXUH�LQ�ODNHV� 
 

0HDVXUHPHQW��:KHQ�ZH�VDPSOH�D� ODNH�IRU�ZDWHU�TXDOLW\��ZH�XVH�D�FDUHIXOO\�FDOLEUDWHG�DQG�KLJKO\�

SUHFLVH�GLVVROYHG�R[\JHQ�PHWHU�DWWDFKHG�WR�D�ORQJ�FRUG��7KLV�DOORZV�XV�WR�WDNH�PHDVXUHV�DW�UHJXODU�

GHSWK�LQWHUYDOV��OLNH�HYHU\���PHWHU��IURP�WKH�VXUIDFH�WR�WKH�ODNH�ERWWRP��)RU�PRVW�ODNHV�LQ�2QWDULR��

GLVVROYHG�R[\JHQ�FRQFHQWUDWLRQV�ZLOO�EH�IRXQG�LQ�WKH����-�����PJ�/�UDQJH�DW�WKH�WRS�RI�WKH�ODNH�DQG�

FDQ�YDU\�EHWZHHQ��-�����PJ�/�DW�WKH�ERWWRP�RI�WKH�ODNH�  

7UHQW�$TXDWLF�5HVHDUFK�3URJUDP��7UHQW�8QLYHUVLW\��3HWHUERURXJK��2QWDULR��&DQDGD 
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'LVVROYHG�R[\JHQ�FRQFHQWUDWLRQV�LQ�WKH�ZDWHU�
FROXPQV�RI�WZR�ODNHV��.DVVKDERJ�DQG�*ROG��GXULQJ�
WKH�VXPPHU�RI�������*ROG�/DNH�VKRZV�D�KLJK�FRQ�
FHQWUDWLRQ�RI�GLVVROYHG�R[\JHQ�DOO�WKH�ZD\�IURP�WKH�
VXUIDFH�WR�WKH�ERWWRP�RI�WKH�ODNH��7KH�YHU\�KLJK�YDO�
XHV�DW�DERXW���P�LV�OLNHO\�GXH�WR�D�OD\HU�RI�DOJDH�DW�
WKDW�GHSWK��.DVVKDERJ�/DNH�DOVR�KDV�KLJK�GLVVROYHG�
R[\JHQ�FRQFHQWUDWLRQV�LQ�WKH�VXUIDFH�ZDWHUV�EXW�H[�
KLELWV�D�VWHHS�GHFOLQH�LQ�GLVVROYHG�R[\JHQ�DW�GHHSHU�
GHSWKV� 



ϰ 

3KRVSKRUXV 

 
 

%DFNJURXQG�� ,Q�PDQ\�ODNHV��WKH�DGGLWLRQ�RI�H[FHVVLYH�QXWULHQWV�KDV�OHG�WR�IUHTXHQW�DQG�XQVLJKWO\�DO�

JDO� EORRPV�� %HFDXVH� RI� LWV� DELOLW\� WR� SURPRWH� H[FHVVLYH� SODQW� JURZWK�� WKHUH� DUH� PDQ\� JXLGHOLQHV�

DQG HIIRUWV�LQ�SODFH�WR�UHGXFH�WKH�DPRXQW�RI�H[FHVV�QXWULHQWV�UHDFKLQJ�ODNHV��7KHVH�HIIRUWV�ODUJHO\�IR�

FXV�RQ�KXPDQ�VRXUFHV�ZKR�ODUJHO\�DFFRXQW�IRU�H[FHVVLYH�SKRVSKRUXV�LQSXWV��,W� LV�WUXH�WKDW�VRPH�RI�

WKH� SKRVSKRUXV� LQ� RXU� ODNHV� FRPH� IURP�QDWXUDO� VRXUFHV�� VXFK� DV� WKH� VORZ�GLVVROXWLRQ� RI� XSVWUHDP�

URFNV��+RZHYHU��WKHUH�DUH�PDQ\�SKRVSKRUXV�VRXUFHV�WKDW�DUH�DVVRFLDWHG�ZLWK�KXPDQ�DFWLYLW\��2XU�GH�

FLVLRQV�DERXW�PDQDJLQJ�WKHVH�VRXUFHV�RI�SKRVSKRUXV�FDQ�JUHDWO\�LPSDFW�WKH�ODNHV�ZH�OLYH�DQG�ZRUN�

DURXQG��,W�DOVR�PHDQV�\RX�PLJKW�EH�DEOH�WR�LGHQWLI\�VRXUFHV�WKDW�FRQWULEXWH�SKRVSKRUXV�WR�\RXU�ODNH��

)HUWLOL]HUV� DQG�PDQXUH� IURP� IDUPV� RU� XUEDQ� UXQRII� IURP� FLWLHV� FDQ� ERWK� FRQWULEXWH� SKRVSKRUXV� WR�

VWUHDPV�DQG�QHDUE\�ODNHV��0RUHRYHU��QH[W�WLPH�\RX�IOXVK�D�WRLOHW�DW�WKH�FRWWDJH��WKLQN�DERXW�ZKHUH�WKH�

QXWULHQWV�DVVRFLDWHG�WKLV�KXPDQ�ZDVWH�DUH�KHDGHG��,I�SRRUO\�EXLOW�RU�PDLQWDLQHG��VHSWLF�DQG�VHZDJH�

V\VWHPV�FDQ�DOORZ�SKRVSKRUXV�IURP�KXPDQ�ZDVWH�WR�VHHS�LQWR�ODNHV��:KLOH�EHLQJ�YLJLODQW�DERXW�H[�

WHUQDO�SKRVSKRUXV�VRXUFHV�LV�QHFHVVDU\��ZH�FDQ�DOVR�WUDFN�WKH�DPRXQW�RI�WKLV�LPSRUWDQW�QXWULHQW�LQ�WKH�

ODNH�DV�DQ�LQGLFDWRU�RI�ODNH�KHDOWK�EHFDXVH�LW�LV�D�NH\�SUHGLFWRU�RI�DOJDO�ELRPDVV��DQG�LW�FDQ�WHOO�XV�LI�

WKH�ODNH�LV�UHFHLYLQJ�WRR�PXFK�H[WHUQDO�SKRVSKRUXV� 
 

0HDVXUHPHQW��7KH�PHDVXUHPHQW�RI�SKRVSKRUXV�FDQ�EH�UHODWLYHO\�VWUDLJKW�IRUZDUG��EXW�XQGHUVWDQGLQJ�

SKRVSKRUXV�LQ�ODNHV�FDQ�EH�TXLWH�FRPSOLFDWHG��7KLV�LV�EHFDXVH�WKHUH�DUH�GLIIHUHQW�IRUPV�RI�SKRVSKR�

UXV�DQG�LW�FDQ�F\FOH�EHWZHHQ�WKHVH�IRUPV�TXLWH�TXLFNO\��8VXDOO\��\RX�ZLOO�VHH�WRWDO�SKRVSKRUXV�UHSRUW�

HG��ZKLFK�LV�DQ�HVWLPDWH�RI�DOO�IRUPV�RI�SKRVSKRUXV�LQ�WKH�ODNH�ZDWHU��:H�PHDVXUH�WRWDO�SKRVSKRUXV�

E\�WDNLQJ�D�ZDWHU�VDPSOH�IURP�QHDU�WKH�ODNH¶V�VXUIDFH��$�VXEVDPSOH�LV�VDYHG�IRU�D�VSHFLILF�W\SH�RI�

FKHPLFDO�DQDO\VLV�WKDW�WXUQV�EOXH�LI�SKRVSKRUXV�LV�SUHVHQW��:H�XVH�D�PDFKLQH�LQ�WKH�ODE�WR�PHDVXUH�

WKH�OHYHO�RI�EOXHQHVV�DQG�FRPSDUH�ZLWK�VDPSOHV�ZLWK�NQRZQ�SKRVSKRUXV�FRQFHQWUDWLRQV��0RVW�RI�WKH�

ODNHV�LQ�WKH�.DZDUWKD�UHJLRQ�KDYH�VXUIDFH�ZDWHUV�ZLWK�SKRVSKRUXV�FRQFHQWUDWLRQV�LQ�WKH�UDQJH�RI��-

��� ȝJ�/� ZLWK� KLJKHU� YDOXHV� VRPHWLPHV� IRXQG� LQ� WKH� PRUH� VRXWKHUQ� .DZDUWKD� /DNHV� 

 

7UHQW�$TXDWLF�5HVHDUFK�3URJUDP��7UHQW�8QLYHUVLW\��3HWHUERURXJK��2QWDULR��&DQDGD 



ϱ 

:DWHU�&ODULW\ 
%DFNJURXQG��7KHUH�DUH� IHZ�PRPHQWV�PRUH�SHDFHIXO� WKDQ�JD]LQJ� LQWR� WKH�GHSWKV�RI�D� ODNH��+DYH�

\RX� HYHU� QRWLFHG� WKDW� WKLV� YLHZ� FDQ� YDU\� VXEVWDQWLDOO\� EHWZHHQ� ODNHV"� ,Q� VRPH� ODNHV�� \RX� FDQ� VHH�

IODVKHV�RI�SODQW�DQG�DQLPDO�OLIH�VHYHUDO�PHWHUV�EHORZ�WKH�VXUIDFH��ZKLOH�LQ�RWKHUV�WKH�ZDWHU�LV�D�PXUN\�

JUHHQ�RU�EURZQ�DQG�\RX�FDQ¶W�VHH�PXFK�RI�DQ\WKLQJ�LQ�WKH�ZDWHUV�EHORZ��7KHVH�GLIIHUHQFHV�DUH�D�PDW�

WHU�RI�ZDWHU�FODULW\��ZKLFK�UHIHUV�WR�KRZ�PXFK�OLJKW�FDQ�SDVV�WKURXJK�D�JLYHQ�DPRXQW�RI�ZDWHU��2QFH�

SDVW�WKH�VXUIDFH�RI�WKH�ODNH��OLJKW�SHQHWUDWHV�GHHSHU�LQ�WKH�ZDWHU�FROXPQ�EXW�LV�JUDGXDOO\�UHPRYHG�DQG�

LW�EHFRPHV�TXLWH�GDUN��7KH�GHSWK�WKDW�OLJKW�SHQHWUDWHV�LQWR�WKH�ODNH�GHSHQGV�RQ�KRZ�PXFK�DQG�ZKDW�

W\SH�RI�PDWHULDO�LV�SUHVHQW�LQ�WKH�ZDWHU��2QH�VLWXDWLRQ�WKDW�\RX�GRQ¶W�ZDQW�WR�ZLWQHVV�ILUVW�KDQG�RFFXUV�

GXULQJ�DQ�DOJDO�EORRPV�ZKHQ�H[FHVVLYH�JURZWK�RI�WKHVH�SODQNWRQLF�DOJDH�FORXGV�WKH�ZDWHU�DQG�DEVRUEV�

PRVW�RI�WKH�OLJKW�QHDU�WKH�ODNH¶V�VXUIDFH��7KLV�FDQ�JUHDWO\�UHGXFH�ZDWHU�FODULW\�DQG�WKH�GHSWK�WKDW�OLJKW�

FDQ�UHDFK�LQWR�WKH�ZDWHU�FROXPQ��:KLOH�ZH�RIWHQ�WKLQN�RI�ZDWHU�FODULW\�ODUJHO\�LQ�WHUPV�RI�KRZ�LW�DOWHUV�

D�ODNH¶V�DSSHDUDQFH��LW�KDV�D�QXPEHU�RI�RWKHU�HIIHFWV�RQ�WKH�ODNH¶V�HFRV\VWHP��)RU�H[DPSOH��ORZ�ZDWHU�

FODULW\�FDQ�SUHYHQW�SODQWV�DQG�DOJDH�IURP�JURZLQJ�RQ�WKH�ODNH¶V�VHGLPHQWV��:DWHU�FODULW\�DOVR�DIIHFWV�

GHSWK�SURILOHV�RI�WHPSHUDWXUH�DQG�GLVVROYHG�R[\JHQ��GHWHUPLQHV�WKH�W\SH�RI�PLFUREHV�\RX�FDQ�ILQG�DW�

WKH�ERWWRP�RI�\RXU�ODNH��DQG�FRQWUROV�PDQ\�DVSHFWV�RI�WKH�ODNH�IRRG�ZHE� 

 

0HDVXUHPHQW�� :H� KDYH� GLIIHUHQW� ZD\V� WR� DVVHVV� ZDWHU�

FODULW\��7KH�HDVLHVW�ZD\�DQG�WKH�RQH�ZLWK�ZKLFK�\RX�PLJKW�

EH� IDPLOLDU� LV� WR� PHDVXUH� WKH� 6HFFKL� GHSWK�� 7KH� 6HFFKL�

GHSWK�LV�PHDVXUHG�XVLQJ�D�EODFN�DQG�ZKLWH�GLVF�DWWDFKHG�WR�

D�URSH��7KH�GLVF�LV�ORZHUHG�LQWR�WKH�ODNH�XQWLO�WKH�GLVF�LV�QR�

ORQJHU�YLVLEOH�LQ�WKH�ZDWHU��8VXDOO\�WKH�6HFFKL�GHSWK�LV���RU�

��PHWHUV��EXW�LQ�HVSHFLDOO\�FOHDU�ODNHV�LW�FDQ�UHDFK����P�RU�

PRUH��:H�FDQ�DOVR�PHDVXUH�ZDWHU�FODULW\�XVLQJ�D�VHQVLWLYH�

OLJKW�PHWHU�WKDW�ZH�ORZHU�RII�WKH�VLGH�RI�WKH�ERDW��7KH�OLJKW�

UHDFKLQJ�D�SDUWLFXODU�GHSWK�LV�WKHQ�FRPSDUHG�WKDW�PHDVXUHG�

E\� D� OLJKW� VHQVRU� NHSW� DW� WKH� VXUIDFH�� %\� UHFRUGLQJ� WKH�

DPRXQW� RI� OLJKW� DW� GLIIHUHQW� GHSWKV��ZH� FDQ� HVWLPDWH� KRZ�

PXFK�LV�UHPRYHG�LQ� WKH�ZDWHU�FROXPQ��:H�XVH�WKHVH�GDWD�

WR� HVWLPDWH� WKH� OLJKW� DWWHQXDWLRQ� FRHIILFLHQW�� ZKLFK� GH�

VFULEHV�KRZ�IDVW�OLJKW�GLVDSSHDUV�LQ�WKH�ZDWHU�FROXPQ� 

7UHQW�$TXDWLF�5HVHDUFK�3URJUDP��7UHQW�8QLYHUVLW\��3HWHUERURXJK��2QWDULR��&DQDGD 



ϲ 

&KORURSK\OO 
%DFNJURXQG��+DYH�\RX�HYHU�VHHQ�D�UHDOO\�JUHHQ�ODNH"�:KLOH�WKLV�LV�XVXDOO\�SRUWUD\HG�LQ�D�QHJDWLYH�

OLJKW��WKHVH�SODQWV�DQG�DOJDH�QRQHWKHOHVV�KDYH�LPSRUWDQW�UROHV�LQ�RXU�ODNHV��)ORDWLQJ�DOJDH�SURGXFH�R[�

\JHQ��DFW�DV�D�VRXUFH�RI�IRRG�WR�VPDOO�ODNH�DQLPDOV��DQG�FRQWULEXWH�QXWULHQWV�WR�WKH�ODNH�ZKHQ�WKH\�GH�

FRPSRVH��7RR�PXFK�DOJDH�FDQ�EH�TXLWH�SUREOHPDWLF�IRU�RXU�ODNHV�SDUWO\�EHFDXVH�WKLV�FDQ�OHDG�WR�H[�

FHVVLYH�GHFRPSRVLWLRQ� DQG�R[\JHQ�FRQVXPSWLRQ� LQ� WKH� ODNH¶V�ERWWRP�ZDWHUV��2QH� UHODWLYHO\� VLPSOH�

ZD\�WR�GHWHUPLQH�ZKHWKHU�WKHUH�LV�D�KHDOWK\�RU�XQKHDOWK\�DPRXQW�RI�DOJDH�LQ�D�ODNH�LV�WR�PHDVXUH�WKH�

FRQFHQWUDWLRQ�RI�FKORURSK\OO�LQ�WKH�ZDWHU��&KORURSK\OO�LV�D�JUHHQ�SLJPHQW�WKDW�SODQWV�DQG�DOJDH�XVH�WR�

FDUU\�RXW�SKRWRV\QWKHVLV��7KH�FRQFHQWUDWLRQ�RI�FKORURSK\OO�LQ�ODNH�ZDWHU�LV�RIWHQ�XVHG�WR�JHW�DQ�HVWL�

PDWH�RI�KRZ�PXFK�DOJDH�LV�FRQWDLQHG�LQ�ODNH�ZDWHU� 7KH�DPRXQW�RI�FKORURSK\OO�KDV�EHHQ�XVHG�LQ�WKH�

SDVW�WR�FODVVLI\�ODNHV�DFURVV�WKH�VSHFWUXP�IURP�FOHDU�DQG�XQSURGXFWLYH�WR�JUHHQ�DQG�KLJKO\�SURGXFWLYH��

*HQHUDOO\�� ORZHU�FKORURSK\OO� LV�DVVRFLDWHG�ZLWK�EHWWHU�ZDWHU�TXDOLW\�DV� LW� LQGLFDWHV�EHWWHU�FODULW\�DQG�

OHVV�QXWULHQW-UHODWHG�SROOXWLRQ� 
 

0HDVXUHPHQW��7KH�SURFHVV�RI�PHDVXULQJ�FKORURSK\OO�LQYROYHV�FROOHFWLQJ�ZDWHU�VDPSOHV�DQG�UXQQLQJ�

WKLV�ZDWHU�WKURXJK�D�ILOWHU��7KH�ILOWHU�FROOHFWV�WKH�VXVSHQGHG�DOJDH�IURP�WKH�ZDWHU�DQG�WKHQ�ZH�PHDVXUH�

WKH�FKORURSK\OO�RII�WKH�ILOWHU��7KHVH�SLJPHQWV�DUH�PHDVXUHG�LQ�WKH�ODE�ZLWK�D�PDFKLQH�FDOOHG�D�VSHFWUR�

IOXRURPHWHU��&KORURSK\OO�FRQFHQWUDWLRQV�LQ�PDQ\�ODNHV�ZLOO�EH�IRXQG�EHORZ����ȝJ�/�ZLWK�H[FHSWLRQDO�

O\�ORZ�YDOXHV�LQ�RXU�PRVW�FOHDU�ODNHV��+LJKHU�YDOXHV����-���ȝJ�/��DUH�IRXQG�LQ�PRUH�SURGXFWLYH�ODNHV�

DQG�DUH�PRUH�W\SLFDO�RI�ODNHV�H[SHULHQFLQJ�DOJDO�EORRPV��6HYHUH�DOJDO�EORRPV�W\SLFDOO\�ZLOO�UHVXOW�LQ�

YHU\�KLJK�YDOXHV��!���ȝJ�/���EXW�WKHVH�FRQFHQWUDWLRQV�DUH�QRW�W\SLFDOO\�VHHQ�LQ�ODNHV�RI�RXU�.DZDUWKD�

UHJLRQ� 

7UHQW�$TXDWLF�5HVHDUFK�3URJUDP��7UHQW�8QLYHUVLW\��3HWHUERURXJK��2QWDULR��&DQDGD 

/DNHV�ZLWK�KLJK�FODULW\�KDYH�PRUH�RI�WKHLU�VKDOORZ�DUHDV�LOOXPLQDWHG��OHIW���7KHVH�DUHDV�FDQ�EHFRPH�VKDGHG�
ZKHQ�KLJK�FKORURSK\OO�FRQFHQWUDWLRQV�UHGXFH�OLJKW�SHQHWUDWLRQ��)LOWHULQJ�ZDWHU�VDPSOHV��ULJKW��WR�PHDVXUH�FKORURSK\OO�DQG�
RWKHU�VXVSHQGHG�PDWWHU�XVHV�YDFXXP�SXPSV�WR�FROOHFW�SDUWLFOHV�RQ�VPDOO�SDSHU�ILOWHUV��7KLV�FDQ�EH�D�VORZ�SURFHVV�DQG�
UHTXLUHV�ORWV�RI�SDWLHQFH� 



ϳ 

&DOFLXP 
%DFNJURXQG�� ,I�\RX�ZHUH�D�VPDOO�DTXDWLF�FUHDWXUH� OLYLQJ�LQ�D� ODNH��KRZ�GR�\RX�WKLQN�\RX�ZRXOG�

VXUYLYH� LQ�D�KXJH�ZRUOG� WHHPLQJ�ZLWK�GDQJHU"�:RXOG� \RX�VZLP�IDVW"�:RXOG� \RX�KLGH�DPRQJ� WKH�

URFNV"�:RXOG�\RX�JURZ�D�WRXJK�SURWHFWLYH�VKHOO�WR�GHIHQG�DJDLQVW�EHLQJ�HDWHQ"�,I�\RX�FKRVH�WKH�RS�

WLRQ�RI�SURGXFLQJ�D�SURWHFWLYH�VKHOO��\RX�ZRXOG�EH�DPRQJ�JRRG�FRPSDQ\��EHFDXVH�WKLV�LV�D�VWUDWHJ\�

HPSOR\HG�E\�PDQ\�LQYHUWHEUDWHV�OLYLQJ�LQ�RXU�ODNHV��7R�JURZ�WKHLU�VKHOOV��WKRXJK��VPDOO�ODNH�DQLPDOV�

QHHG� DGHTXDWH� VXSSOLHV� RI� GLVVROYHG� FDOFLXP��/DWHO\�� WKHUH� KDV� EHHQ� FRQFHUQ� WKDW� FHUWDLQ� ODNHV� QR�

ORQJHU� FRQWDLQ� HQRXJK� FDOFLXP� WR� VXSSRUW� KHDOWK\� SRSXODWLRQV� RI� ODNH� LQYHUWHEUDWHV��2QH� SRVVLEOH�

RXWFRPH�RI�GHFOLQLQJ�FDOFLXP�LV�WKDW�LQYHUWHEUDWHV�ZKLFK�XVH�OHVV�FDOFLXP�WR�LQFUHDVH�LQ�SUHYDOHQFH���

7KH�LQYHUWHEUDWHV�WKDW�WKULYH�LQ�FDOFLXP-SRRU�FRQGLWLRQV�WHQG�WR�KDYH�VRIW��MHOO\-OLNH�RXWHU�OD\HUV�UD�

WKHU�WKDQ�KDUG��FDOFLILHG�VKHOOV��<RX�PD\�HYHQ�KDYH�KHDUG�RI�D�MHOO\-FRDWHG�]RRSODQNWRQ��+RORSHGL�

XP��ZKLFK�PD\�EH�LQFUHDVLQJ�LQ�SUHYDOHQFH�LQ�VRPH�.DZDUWKD�UHJLRQ�ODNHV��7UDFNLQJ�FDOFLXP�FRQ�

FHQWUDWLRQV�WKXV�DOORZ�XV�WR�JDXJH�ZKHWKHU�D�SDUWLFXODU�ODNH�LV�DW�ULVN�RI�FDOFLXP�HIIHFWV�RQ�IRRGZHEV�

DQG�DOVR�WHOOV�XV�DERXW�WKH�PRYHPHQW�RI�WKLV�HOHPHQW�WKURXJK�ZDWHUVKHGV�DQG�FDWFKPHQWV� 
 

0HDVXUHPHQW��:KHQ�ZH�PHDVXUH�FDOFLXP�FRQFHQWUDWLRQ��ZH�VWDUW�E\�FROOHFWLQJ�ZDWHU�VDPSOHV�DW�WKH�

ODNH�DQG�ILOWHULQJ� WKLV�ZDWHU� LQ� WKH� ODE��:H� WKHQ�UXQ�VPDOO�VXEVDPSOHV�RI� WKLV�ZDWHU� WKURXJK�D�PD�

FKLQH�FDOOHG�DQ�;-UD\�VSHFWURPHWHU��ZKLFK�WHOOV�XV�WKH�FRQFHQWUDWLRQ�RI�GLIIHUHQW�HOHPHQWV��LQFOXGLQJ�

FDOFLXP��$OWHUQDWLYHO\��FDOFLXP�FDQ�EH�PHDVXUHG�XVLQJ�RWKHU�VRSKLVWLFDWHG�DQDO\WLFDO�HTXLSPHQW��,Q�

WKH�ODNHV�RI�WKH�.DZDUWKD�UHJLRQ��FDOFLXP�FRQFHQWUDWLRQV�YDU\�ZLGHO\�GHSHQGLQJ�RQ�WKH�VL]H�RI�WKH�

ODNH�DQG�WKH�JHRORJ\�LQ�LWV�XSODQGV��7KHVH�YDOXHV�UDQJH�IURP���PJ�/�WR�DV�KLJK�DV����PJ�/��*HQHUDO�

O\��\RX�ZRXOG�QRW�EH�FRQFHUQHG�DERXW�FDOFLXP�FRQFHQWUDWLRQV�XQOHVV�\RX�IRXQG�YDOXHV�ORZHU�WKDQ���

PJ�/�� 

7UHQW�$TXDWLF�5HVHDUFK�3URJUDP��7UHQW�8QLYHUVLW\��3HWHUERURXJK��2QWDULR��&DQDGD 

/RZ�&D�FRQFHQWUDWLRQV�FDQ�
DIIHFW�WKH�KHDOWK�RI�VPDOO�
DTXDWLF�DQLPDOV��7KHVH�DQL�
PDOV�DUH�FROOHFWHG�ZLWK�D�
SODQNWRQ�QHW��OHIW��DQG�XVXDOO\�
H[DPLQHG�LQ�WKH�ODERUDWRU\�
ZLWK�D�PLFURVFRSH���2QH�
SODQNWRQLF�DQLPDO�WKDW�GRHV�
ZHOO�XQGHU�ORZ�&D�FRQGLWLRQV�
LV�+RORSHGLXP��ZKLFK�JHODWL�
QRXV�FUXVWDFHDQ�WKDW�ORRNV�
OLNH�VPDOO�EOREV�RI�MHOO\��ULJKW���� 



ϴ 

:DWHU� VFLHQWLVWV� XVXDOO\� ORRN� DW�PDQ\� IDFWRUV�ZKHQ�FRQVLGHU LQJ�WKH�KHDOWK�RI�D�ODNH�HFRV\V�

WHP��7KLV� LV� VLPLODU�ZKHQ�\RX�VHH�D�GRFWRU� DQG� WKH\�DVVHVV� \RXU�RYHUDOO�KHDOWK�GXULQJ�DQ�DQQXDO�

FKHFN-XS��7KH�GRFWRU�PLJKW�FRQVLGHU�D�QXPEHU�RI�YDULDEOHV�LQFOXGLQJ�\RXU�ZHLJKW��EORRG�SUHVVXUH��

KHDUWUDWH�� DQG�GLIIHUHQW�DVSHFWV�RI�\RXU�EORRG�FKHPLVWU\��6LPLODUO\� IRU� ODNHV�� WKHUH� DUH�D� IHZ�NH\�

YDULDEOHV�ZH�FDQ�ORRN�DW�WR�GHWHUPLQH�LI�GHVLUDEOH�OHYHOV�RI�DOJDH�DQG�ZKHWKHU�WKH�ODNH�LV�VXLWDEOH�

IRU�DTXDWLF�OLIH��$W�WKH�VDPH�WLPH��WKHVH�LQGLFDWRUV�DUH�YHU\�XVHIXO�WR�GLDJQRVH�HPHUJLQJ�ZDWHU�TXDO�

LW\�SUREOHPV��)RU�H[DPSOH�� LI� \RX�QRWLFH�YHU\�JUHHQ�FRORXUHG�ZDWHU��ZH�FDQ�PHDVXUH� WKH�6HFFKL��

FKORURSK\OO��DQG�WRWDO�SKRVSKRUXV�WR�VHH�LI�\RXU�ODNH�LV�H[SHULHQFLQJ�DQ�DOJDO�EORRP��7KH�YDOXH�RI�

WKHVH�GLDJQRVWLFV�DUH�LQFUHDVHG�ZKHQ�ZH�KDYH�GDWD�IURP�PDQ\�ODNHV�DQG�RYHU�PDQ\�\HDUV�WR�XVH�DV�

FRPSDULVRQ���7KH�ZDWHU�TXDOLW\�ZH�DUH�FROOHFWLQJ�ZLOO�EH�VDYHG�DQG�XVHG�IRU�WKLV�VSHFLILF�SXUSRVH�� 
 

)RU� ODNHV� LQ� WKH�.DZDUWKD-+DOLEXUWRQ�UHJLRQ��ZH�JHQHUDOO\�DVN�WZR�TXHVWLRQV�UHODWHG�WR�ZD�

WHU�TXDOLW\�����LV�WKH�ZDWHU�JHQHUDOO\�ORZ�LQ�DOJDH"�$QG����LV�WKH�GLVVROYHG�R[\JHQ�DW�WKH�ERWWRP�RI�

WKH�ODNH�VXIILFLHQW�WR�VXSSRUW�DQLPDO�OLIH"�$�WKLUG�VHW�RI�HPHUJLQJ�LVVXHV�WKDW�UHPDLQ�DQ�DUHD�RI�FRQ�

FHUQ�LQFOXGH�WKH�VORZ�GHFOLQH�RI�FDOFLXP�FRQFHQWUDWLRQV�DQG�WKH�HYHU-SUHVHQW�WKUHDW�RI�LQYDVLYH�VSH�

FLHV��/RZ�FDOFLXP�FRQFHQWUDWLRQV�DUH�SUHVHQW�LQ�YHU\�IHZ�RI�ODNHV�LQ�RXU�DUHD�EXW�WKHVH�ODNHV�VKRXOG�

EH�FDUHIXOO\�PRQLWRUHG�DQG�WUDFNHG�WR�VHH�LI�WKLV�SUREOHP�LV�EHFRPLQJ�ZRUVH��,QYDVLYH�VSHFLHV�DUH�

PRUH� SUREOHPDWLF� EHFDXVH� DVVHVVLQJ� WKHLU� FRORQL]DWLRQ� DQG� HIIHFWV� RQ� D� ODNH� UHTXLUHV� LQWHQVWLYH�

VWXG\�RI�D�ODNH¶V�IRRGZHE��0RQLWRULQJ�ODNH�IRRGZHEV�LV�D�H[SHQVLYH�SURSRVLWLRQ�LI�XQGHUWDNHQ�FRU�

UHFWO\�� )RU� H[DPSOH�� WUDFNLQJ� ]RRSODQNWRQ� SRSXODWLRQV� UHTXLUHV�PXOWLSOH� VDPSOHV� EH� WDNHQ� DERXW�

WZLFH�D�PRQWK�DQG�HDFK�RI�WKHVH�VDPSOHV�FDQ�WDNH�KRXUV�WR�VRUW�DQG�FRXQW��=RRSODQNWRQ�DUH�MXVW�RQH�

VPDOO�SDUW�RI�WKH�IRRGZHE�VR�PDQ\�FKDQJHV�WR�\RXU�ODNH�PD\�RFFXU�ZLWKRXW�DQ\RQH�HYHU�EHLQJ�DEOH�

WR�QRWLFH��)XWXUH�H[SDQVLRQ�RI�ZDWHU�TXDOLW\�PRQLWRULQJ�VKRXOG�LQFOXGH�IRRGZHE�PRQLWRULQJ�VR�WKDW�

DQ\�QHZ�DUULYDOV�FDQ�EH�GHWHFWHG�SURPSWO\��ZKLFK�FDQ�KHOS�VORZ�VSUHDG�DQG�UHGXFH�HIIHFWV�RI�LQYD�

VLYH�VSHFLHV�� 

 

:KDW�FDQ�\RX�GR�WR�KHOS"�7KHUH�DUH�PDQ\�WKLQJV�\RX�FDQ�GR�WR�KHOS�SURWHFW�WKH�ZDWHU �TXDOLW\�

RI�\RXU�ODNH��)RU�RQH��\RX�FDQ�DGRSW�KHDOWK\�VKRUHOLQH�SUDFWLFHV�WR�UHGXFH�\RXU�QXWULHQW�IRRWSULQW�RQ�

WKH�ODNH��<RX�FDQ�DOVR�EHFRPH�D�VWHZDUG�DQG�KHOS�FROOHFW�ZDWHU�TXDOLW\�GDWD�XVHG�E\�SURJUDPV�VXFK�

DV�RXU��)LQDOO\��\RX�FDQ�VXSSRUW�PRQLWRULQJ�SURJUDPV�WR�FROOHFW�GDWD�DQG�KDYH�H[SHUWLVH�WR�XQGHU�
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