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Acronyms and Abbreviations 

 

ASC Aquatic Science Center 

C3, D6, etc. Water quality monitoring stations in the Delta; see Figure 1 

CAWSC California Water Science Center 

DIN Dissolved inorganic nitrogen 

DO Dissolved oxygen 

DWR Department of Water Resources  

EMP Environmental Monitoring Program  

FAV Floating aquatic vegetation 

HF High-frequency 

IEP Interagency Ecological Program  

MWQI Municipal Water Quality Investigations (branch of the California Department of Water Resources) 

NMF Non-negative matrix factor 

O&M Operation and maintenance 

OLU Operational landscape units 

RMP  Regional Monitoring Program 

SAV Submerged aquatic vegetation 

SFEI San Francisco Estuary Institute  

SJR San Joaquin River  

SKT Seasonal Kendall Test 

SPLP Sources, Pathways, Loadings, and Processes 

ST Status and Trends 

TMDL Total Maximum Daily Load  

TN Total nitrogen 

TP Total phosphorus 

USGS U.S. Geological Survey 

WWTF, 

WWTP 

Wastewater treatment facility/plant  

WY Water year 
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Executive Summary 

-ÜÛÙÐÌÕÛÚɯÈÕËɯÛÏÌɯÌřÌÊÛÚɯÖÍɯÕÜÛÙÐÌÕÛÚɯÖÕɯÞÈÛÌÙɯØÜÈÓÐÛàɯÐÕɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɪ2ÈÕɯ)ÖÈØÜÐÕɯ

#ÌÓÛÈɯÐÚɯÈɯ×ÙÐÖÙÐÛàɯÍÖÊÜÚɯÈÙÌÈɯÍÖÙɯÛÏÌɯ#ÌÓÛÈɯ1ÌÎÐÖÕÈÓɯ,ÖÕÐÛÖÙÐÕÎɯ/ÙÖÎÙÈÔɯȹ#ÌÓÛÈɯ1,/Ⱥȭɯ

3ÏÌɯ/ÙÖÎÙÈÔɀÚɯŗÙÚÛɯÈÚÚÌÚÚÔÌÕÛɯØÜÌÚÛÐÖÕɯÙÌÎÈÙËÐÕÎɯÕÜÛÙÐÌÕÛÚɯÐÚȯɯɁ'ÖÞɯËÖɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯ

ÖÍɯÕÜÛÙÐÌÕÛÚɯȹÈÕËɯÕÜÛÙÐÌÕÛɪÈÚÚÖÊÐÈÛÌËɯ×ÈÙÈÔÌÛÌÙÚȺɯÝÈÙàɯÚ×ÈÛÐÈÓÓàɯÈÕËɯÛÌÔ×ÖÙÈÓÓàȳɂɯ(Õɯ

ÛÏÐÚɯÙÌ×ÖÙÛȮɯÞÌɯÜÚÌËɯËÈÛÈɯÊÖÓÓÌÊÛÌËɯÉàɯÛÏÌɯ#Ì×ÈÙÛÔÌÕÛɯÖÍɯ6ÈÛÌÙɯ1ÌÚÖÜÙÊÌÚɯ

$ÕÝÐÙÖÕÔÌÕÛÈÓɯ,ÖÕÐÛÖÙÐÕÎɯ/ÙÖÎÙÈÔɯȹ#61ɪ$,/ȺɯÛÖɯÈÕÚÞÌÙɯÛÏÐÚɯØÜÌÚÛÐÖÕȭɯ3ÏÐÚɯÙÌ×ÖÙÛɯ

ÉÜÐÓËÚɯÖÕɯ×ÙÌÝÐÖÜÚɯËÈÛÈɯÚàÕÛÏÌÚÐÚɯÙÌ×ÖÙÛÚɯÉàɯÈËËÐÕÎɯÛÏÌɯÓÈÛÌÚÛɯËÈÛÈɯÍÙÖÔɯÛÏÌɯÙÌÊÌÕÛɯ

ËÙÖÜÎÏÛɯàÌÈÙÚȮɯÞÈÛÌÙɯàÌÈÙÚɯȹ68ȺɯƖƔƕƖɪƖƔƕƚȭɯ 

+ÖÖÒÐÕÎɯÈÛɯÛÏÌɯÔÖÚÛɯÙÌÊÌÕÛɯƕƚɯàÌÈÙÚɯȹ68ɯƖƔƔƕɬƖƔƕƚȺȮɯÛÏÌɯÈÕÈÓàÚÐÚɯÊÖÕŗÙÔÌËɯ×ÙÌÝÐÖÜÚÓàɯ

ÙÌ×ÖÙÛÌËɯËÌÊÓÐÕÐÕÎɯÛÙÌÕËÚɯÐÕɯÛÏÌɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯÍÖÙɯÕÜÛÙÐÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÛɯ

5ÌÙÕÈÓÐÚɯÈÕËɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÛɯ!ÜÊÒÓÌàɯ"ÖÝÌɯÈÕËɯ#ÐÚÈ××ÖÐÕÛÔÌÕÛɯ2ÓÖÜÎÏȭɯ

 ɯÚÓÐÎÏÛɯÐÕÊÙÌÈÚÐÕÎɯÛÙÌÕËɯÍÖÙɯËÐÚÚÖÓÝÌËɯÖßàÎÌÕɯÈÛɯ!ÜÊÒÓÌàɯ"ÖÝÌɯÞÈÚɯÈÓÚÖɯËÌÛÌÊÛÌËɯÞÏÐÊÏɯ

ÊÖÜÓËɯÉÌɯÊÖÕŗÙÔÈÛÐÖÕɯÛÏÈÛɯÔÈÕÈÎÌÔÌÕÛɯÈÊÛÐÖÕÚɯÍÖÙɯÛÏÌɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯ#ÐÚÚÖÓÝÌËɯ

"ÖÕÛÙÖÓɯ/ÙÖÎÙÈÔɯÈÙÌɯÏÈÝÐÕÎɯÛÏÌɯËÌÚÐÙÌËɯÌřÌÊÛȭɯ%ÐÕÈÓÓàȮɯÈÛɯÚÛÈÛÐÖÕÚɯÐÕɯ2ÜÐÚÜÕɯ!ÈàȮɯÛÏÌɯ

"ÖÕŘÜÌÕÊÌɯÙÌÎÐÖÕȮɯÈÕËɯ%ÙÈÕÒÚɯ3ÙÈÊÛȮɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯÚÏÖÞÌËɯÔÖËÌÚÛɯÐÕÊÙÌÈÚÐÕÎɯÛÙÌÕËÚȮɯ

ÞÏÐÊÏɯÞÌÙÌɯÕÖÛɯÌÝÐËÌÕÛɯÐÕɯ×ÙÌÝÐÖÜÚɯÈÕÈÓàÚÌÚȭɯ3ÏÌɯÉÈÚÌÓÐÕÌɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯ

ÈÛɯÛÏÌÚÌɯÚÛÈÛÐÖÕÚɯÞÌÙÌɯÈÓÙÌÈËàɯÓÖÞɯÚÖɯÛÏÌɯÈÉÚÖÓÜÛÌɯÐÕÊÙÌÈÚÌÚɯÐÕɯÉÐÖÔÈÚÚɯÈÙÌɯØÜÐÛÌɯÚÔÈÓÓȭ 

3ÏÌɯËÈÛÈɯÍÙÖÔɯÛÏÌɯƕƚɯàÌÈÙÚɯÞÌÙÌɯÎÙÖÜ×ÌËɯÐÕÛÖɯÊÈÛÌÎÖÙÐÌÚɯÖÍɯɁËÙàɯàÌÈÙÚɂɯÖÙɯɁÞÌÛɯàÌÈÙÚɂɯ

ÍÖÙɯÈÕɯÈËËÐÛÐÖÕÈÓɯÛÌÚÛɯÛÖɯÌÝÈÓÜÈÛÌɯËÐřÌÙÌÕÊÌÚɯÉÌÛÞÌÌÕɯÛÏÌÚÌɯÛà×ÌÚɯÖÍɯàÌÈÙÚȭɯ3ÏÌɯÈÕÈÓàÚÐÚɯ

ÙÌÝÌÈÓÌËɯÛÏÈÛɯÛÏÌɯÚ×ÙÐÕÎɯÈÕËɯÚÜÔÔÌÙɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÍÖÙɯÉÖÛÏɯÕÐÛÙÖÎÌÕɯÈÕËɯ×ÏÖÚ×ÏÖÙÜÚɯ

Ú×ÌÊÐÌÚɯÞÌÙÌɯƗƔǔɯÛÖɯƘƔǔɯÏÐÎÏÌÙɯÖÕɯÈÝÌÙÈÎÌɯËÜÙÐÕÎɯËÙàɯàÌÈÙÚɯÊÖÔ×ÈÙÌËɯÛÖɯÞÌÛɯàÌÈÙÚȭɯ

 ÕÖÛÏÌÙɯŗÕËÐÕÎɯÞÈÚɯÛÏÈÛɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÐÕɯ2ÜÐÚÜÕɯ!ÈàɯÞÌÙÌɯÏÐÎÏÌÙɯ

ËÜÙÐÕÎɯÞÌÛɯàÌÈÙÚȭɯ 

#ÜÙÐÕÎɯÙÌÊÌÕÛɯËÙÖÜÎÏÛɯàÌÈÙÚɯȹ68ɯƖƔƕƖɬƖƔƕƚȺȮɯÐÕɯÈÙÌÈÚɯÖÍɯÛÏÌɯ#ÌÓÛÈɯÞÏÌÙÌɯ2ÈÊÙÈÔÌÕÛÖɯ

1ÐÝÌÙɯÞÈÛÌÙɯËÖÔÐÕÈÛÌÚȮɯÈÔÔÖÕÐÜÔɯÏÈËɯÏÐÎÏÌÙɯ×ÌÈÒɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÕËɯÚÛÙÖÕÎÌÙɯ

ÚÌÈÚÖÕÈÓÐÛàȭɯ/ÏÖÚ×ÏÖÙÜÚɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÏÈËɯÈ××ÈÙÌÕÛɯȹÉÜÛɯÕÖÛɯÚÛÈÛÐÚÛÐÊÈÓÓàɯÚÐÎÕÐŗÊÈÕÛȺɯ

ÐÕÊÙÌÈÚÐÕÎɯÛÙÌÕËÚȭɯ ÓÚÖȮɯËÜÙÐÕÎɯ68ƖƔƕƙɯÈÕËɯ68ƖƔƕƚȮɯÛÏÌÙÌɯÞÌÙÌɯÓÈÙÎÌɯÈÓÎÈÌɯÉÓÖÖÔÚɯ

ȹËÖÔÐÕÈÛÌËɯÉàɯÊÌÕÛÙÐÊɯËÐÈÛÖÔÚɯÉàɯÉÐÖÝÖÓÜÔÌɯÐÕɯ68ƖƔƕƚȺɯÐÕɯÛÏÌɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈȭɯ 

(ÕɯÈÙÌÈÚɯÖÍɯÛÏÌɯ#ÌÓÛÈɯÛÏÈÛɯÈÙÌɯËÖÔÐÕÈÛÌËɯÉàɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯÞÈÛÌÙȮɯ×ÏÖÚ×ÏÖÙÜÚɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÛɯ!ÜÊÒÓÌàɯ"ÖÝÌɯÞÌÙÌɯÔÜÊÏɯÏÐÎÏÌÙɯÖÝÌÙÈÓÓɯËÜÙÐÕÎɯÛÏÌɯËÙÖÜÎÏÛɯÊÖÔ×ÈÙÌËɯ

ÛÖɯÛÏÌɯ68ɯƖƔƔƚɪƖƔƕƕɯ×ÌÙÐÖËȭɯ ÓÚÖȮɯÚÜÔÔÌÙɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÐÕɯÛÏÌɯ2ÈÕɯ

)ÖÈØÜÐÕɯ1ÐÝÌÙɯÈÛɯ5ÌÙÕÈÓÐÚɯÕÌÈÙÌËɯÖÙɯÌßÊÌÌËÌËɯƕƔƔɯϟÎɤ+ȮɯÐÕËÐÊÈÛÐÝÌɯÖÍɯÓÈÙÎÌɯÈÓÎÈÓɯÉÓÖÖÔÚɯ

ȹËÖÔÐÕÈÛÌËɯÉàɯÊÌÕÛÙÐÊɯËÐÈÛÖÔÚɯÉàɯÉÐÖÝÖÓÜÔÌɯÐÕɯ68ƖƔƕƚȺȭɯ!ÓÖÖÔÚɯÖÍɯÛÏÐÚɯÔÈÎÕÐÛÜËÌɯÖÙɯ

ÓÈÙÎÌÙɯÏÈÝÌɯÖÊÊÜÙÙÌËɯÈÛɯÛÏÐÚɯÚÛÈÛÐÖÕɯÉÌÍÖÙÌɯÛÏÌɯËÙÖÜÎÏÛȭɯ'ÖÞÌÝÌÙȮɯÈÊÙÖÚÚɯÛÏÌɯÌÕÛÐÙÌɯƕƚɪ

àÌÈÙɯ×ÌÙÐÖËȮɯÚÜÔÔÌÙɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÛɯ5ÌÙÕÈÓÐÚɯÈ××ÌÈÙɯÛÖɯÉÌɯÏÐÎÏÌÚÛɯ

ËÜÙÐÕÎɯÊÙÐÛÐÊÈÓɯÖÙɯËÙàɯÞÈÛÌÙɯàÌÈÙÚɯȹƖƔƔƕɬƔƖȮɯƖƔƔƘȮɯƖƔƔƛɬƔƝȮɯƖƔƕƖɬƕƚȺȭ 
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3ÏÌɯÕÌÞɯÈÕÈÓàÚÌÚɯ×ÙÌÚÌÕÛÌËɯÐÕɯÛÏÐÚɯÙÌ×ÖÙÛɯÈÕËɯÛÏÌɯŗÕËÐÕÎÚɯÍÙÖÔɯÌÈÙÓÐÌÙɯÙÌ×ÖÙÛÚɯ

ÊÖÕÚÛÐÛÜÛÌɯÌÕÊÖÜÙÈÎÐÕÎɯÌÈÙÓàɯ×ÙÖÎÙÌÚÚɯÛÖÞÈÙËɯÈÕÚÞÌÙÐÕÎɯÛÏÌɯ#ÌÓÛÈɯ1,/ɀÚɯÈÚÚÌÚÚÔÌÕÛɯ

ØÜÌÚÛÐÖÕÚȭɯ2×ÌÊÐŗÊÈÓÓàȮɯËÜÌɯÛÖɯÛÏÌɯÌßÐÚÛÌÕÊÌɯÖÍɯÓÖÕÎɪÛÌÙÔɯËÈÛÈɯÚÌÛÚɯÈÕËɯÚàÕÛÏÌÚÐÚɯÌřÖÙÛÚȮɯ

Ú×ÈÛÐÈÓɯÈÕËɯÛÌÔ×ÖÙÈÓɯÛÙÌÕËÚɯÐÕɯÛÏÌɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÖÍɯÕÜÛÙÐÌÕÛÚɯÈÕËɯÕÜÛÙÐÌÕÛɪÙÌÓÈÛÌËɯ

×ÈÙÈÔÌÛÌÙÚɯÈÙÌɯÙÌÈÚÖÕÈÉÓàɯÞÌÓÓɯÜÕËÌÙÚÛÖÖËɯÈÕËɯÚÖɯÈÙÌɯÛÏÌɯÔÈÎÕÐÛÜËÌÚɯÖÍɯÛÏÌɯÔÖÚÛɯ

ÐÔ×ÖÙÛÈÕÛɯÚÖÜÙÊÌÚɯÖÍɯÕÜÛÙÐÌÕÛÚɯÍÙÖÔɯÖÜÛÚÐËÌɯÛÏÌɯ#ÌÓÛÈȭɯ'ÖÞÌÝÌÙȮɯÈËËÐÛÐÖÕÈÓɯÚàÕÛÏÌÚÐÚɯ

ÞÖÙÒɯÊÖÜÓËɯÉÌɯËÖÕÌɯÛÖɯÜÕËÌÙÚÛÈÕËɯÛÏÌɯÍÈÊÛÖÙÚɯÉÌÏÐÕËɯÛÏÌÚÌɯÛÙÌÕËÚȭɯ.ÉÝÐÖÜÚɯÍÈÊÛÖÙÚɯ

ÉÌÏÐÕËɯÛÏÌɯÖÉÚÌÙÝÌËɯÛÙÌÕËÚɯÏÈÝÌɯÉÌÌÕɯÌß×ÓÈÐÕÌËȮɯÉÜÛɯÈɯËÌÛÈÐÓÌËɯÈÕÈÓàÚÐÚɯÛÖɯËÌÛÌÙÔÐÕÌɯ

ÞÏÈÛɯÞÈÚɯÊÈÜÚÐÕÎɯÈÓÓɯÛÏÌɯÛÙÌÕËÚɯÞÈÚɯÉÌàÖÕËɯÛÏÌɯÚÊÖ×ÌɯÖÍɯÛÏÐÚɯÙÌ×ÖÙÛɯÈÕËɯÚÏÖÜÓËɯÉÌɯ

ÊÖÕÚÐËÌÙÌËɯÍÖÙɯÍÜÛÜÙÌɯÞÖÙÒȭ 

(ÕɯÛÏÐÚɯÙÌ×ÖÙÛȮɯÞÌɯÈÓÚÖɯÚÜÔÔÈÙÐáÌɯÞÏÈÛɯÐÚɯÒÕÖÞÕɯÙÌÎÈÙËÐÕÎɯÌÈÊÏɯÖÍɯÛÏÌɯ#ÌÓÛÈɯ1,/ɀÚɯ

ÈÚÚÌÚÚÔÌÕÛɯØÜÌÚÛÐÖÕÚɯÉÈÚÌËɯÖÕɯÙÌÊÌÕÛɯÞÖÙÒȭɯ ɯÔÈÑÖÙɯÎÈ×ɯÐÕɯÖÜÙɯÒÕÖÞÓÌËÎÌɯÐÚɯÏÖÞɯÛÏÌɯ

#ÌÓÛÈɯÌÊÖÚàÚÛÌÔɯÐÚɯÐÕŘÜÌÕÊÌËɯÉàɯÕÜÛÙÐÌÕÛÚȭɯ ÕÚÞÌÙÐÕÎɯÛÏÐÚɯØÜÌÚÛÐÖÕɯÞÐÓÓɯÙÌØÜÐÙÌɯ

ÌÚÛÈÉÓÐÚÏÐÕÎɯÓÐÕÒÈÎÌÚɯÉÌÛÞÌÌÕɯÕÜÛÙÐÌÕÛÚɯÈÕËɯ×ÙÐÔÈÙàɯ×ÙÖËÜÊÛÐÝÐÛàȮɯÔÈÊÙÖ×ÏàÛÌÚȮɯ

ÏÈÙÔÍÜÓɯÈÓÎÈÓɯÉÓÖÖÔÚȮɯÈÕËɯËÐÚÚÖÓÝÌËɯÖßàÎÌÕȮɯÛÈÒÐÕÎɯÖÛÏÌÙɯÍÈÊÛÖÙÚɯÈÕËɯÊÖÕÍÖÜÕËÐÕÎɯ

ÝÈÙÐÈÉÓÌÚɯÐÕÛÖɯÈÊÊÖÜÕÛȭɯ1ÈÔ×ÐÕÎɯÜ×ɯÛÖɯÈÕÚÞÌÙɯÛÏÌÚÌɯØÜÌÚÛÐÖÕÚɯÞÐÓÓɯÛÈÒÌɯÚÐÎÕÐŗÊÈÕÛɯÌřÖÙÛɯ

ÈÕËɯÊÈÙÌÍÜÓɯ×ÓÈÕÕÐÕÎȭɯ3ÏÌɯ#ÌÓÛÈɯ-ÜÛÙÐÌÕÛɯ1ÌÚÌÈÙÊÏɯ/ÓÈÕȮɯÉÌÐÕÎɯÓÌËɯÉàɯÛÏÌɯ"ÌÕÛÙÈÓɯ5ÈÓÓÌàɯ

1ÌÎÐÖÕÈÓɯ6ÈÛÌÙɯ0ÜÈÓÐÛàɯ"ÖÕÛÙÖÓɯ!ÖÈÙËȮɯÞÐÓÓɯ×ÙÖÝÐËÌɯÛÏÌɯÙÖÈËÔÈ×ɯÍÖÙɯÌÚÛÈÉÓÐÚÏÐÕÎɯÛÏÌÚÌɯ

ÓÐÕÒÈÎÌÚȭɯ 

%ÐÕÈÓÓàȮɯÓÈÙÎÌɯÒÕÖÞÓÌËÎÌɯÎÈ×ÚɯÙÌÔÈÐÕɯÈÉÖÜÛɯÕÜÛÙÐÌÕÛɯÚÐÕÒÚȮɯÚÖÜÙÊÌÚȮɯÈÕËɯ×ÙÖÊÌÚÚÌÚɯ

ÞÐÛÏÐÕɯÛÏÌɯ#ÌÓÛÈȭɯ3ÏÌɯÔÌÊÏÈÕÐÚÛÐÊȮɯÞÈÛÌÙɯØÜÈÓÐÛàɪÏàËÙÖËàÕÈÔÐÊɯÔÖËÌÓÚɯÉÌÐÕÎɯ

ËÌÝÌÓÖ×ÌËɯÍÖÙɯÛÏÌɯ#ÌÓÛÈɯÔÈàɯÉÌɯÈÉÓÌɯÛÖɯÈËËÙÌÚÚɯÛÏÌÚÌɯØÜÌÚÛÐÖÕÚɯÐÕɯÛÏÌɯÍÜÛÜÙÌȭɯ'ÖÞÌÝÌÙȮɯ

ÛÏÌɯÐÔ×ÖÙÛÈÕÛɯ×ÙÖÊÌÚÚÌÚȮɯÛÐÔÌɪÚÊÈÓÌÚȮɯÈÕËɯÚ×ÈÛÐÈÓɯÚÊÈÓÌÚɯÕÌÌËɯÛÖɯÉÌɯÉÌŲÌÙɯËÌŗÕÌËɯÐÕɯ

ÖÙËÌÙɯÛÖɯÒÕÖÞɯÛÏÌɯÉÌÚÛɯÞÈàɯÍÖÙÞÈÙËȭɯ 

1ÌÎÈÙËÓÌÚÚɯÖÍɯÛÏÌɯÚ×ÌÊÐŗÊɯÛÖÖÓÚȮɯÈËËÙÌÚÚÐÕÎɯÛÏÌɯÊÖÔ×ÓÌßɯÐÚÚÜÌɯÖÍɯÕÜÛÙÐÌÕÛÚɯÐÕɯ#ÌÓÛÈɯÞÐÓÓɯ

ÙÌØÜÐÙÌɯÈÕɯÈËÈ×ÛÐÝÌɯÔÈÕÈÎÌÔÌÕÛɯÍÙÈÔÌÞÖÙÒɯÛÏÈÛɯÐÕÊÓÜËÌÚɯÚÛÈÛÜÚɯÈÕËɯÛÙÌÕËÚɯ

ÔÖÕÐÛÖÙÐÕÎȮɯÔÖËÌÓÐÕÎȮɯÈÕËɯÛÈÙÎÌÛÌËɯÓÈÉÖÙÈÛÖÙàɯÈÕËɯŗÌÓËɯÌß×ÌÙÐÔÌÕÛÚɯËÌÚÐÎÕÌËɯÛÖɯÛÌÚÛɯ

ÛÏÌɯÌřÌÊÛÚɯÖÍɯÔÈÕÈÎÌÔÌÕÛɯÈÊÛÐÖÕÚȮɯÈÕËɯÛÖɯÌÓÜÊÐËÈÛÌɯÔÖËÌÓɯÔÌÊÏÈÕÐÚÔÚɯÈÕËɯ

×ÈÙÈÔÌÛÌÙÐáÈÛÐÖÕȭ 

  



 

ƕƔ 

1 Introduction 

3ÏÌÙÌɯÐÚɯÎÙÖÞÐÕÎɯÊÖÕÊÌÙÕɯÛÏÈÛɯÛÏÌɯ#ÌÓÛÈɯÔÈàɯÉÌɯÌß×ÌÙÐÌÕÊÐÕÎɯÈËÝÌÙÚÌɯÐÔ×ÈÊÛÚɯÍÙÖÔɯ

ÕÜÛÙÐÌÕÛÚɯÈÕËɯÛÏÈÛɯÛÏÌÚÌɯÐÔ×ÈÊÛÚɯÔÈàɯÉÌɯÐÕÊÙÌÈÚÐÕÎȮɯÊÖÕÊÜÙÙÌÕÛɯÞÐÛÏɯÊÏÈÕÎÌÚɯÐÕɯÖÛÏÌÙɯ

ÍÈÊÛÖÙÚɯÚÜÊÏɯÈÚɯÓÐÎÏÛȮɯÎÙÈáÐÕÎȮɯŘÖÞȮɯÚÈÓÐÕÐÛàȮɯÚÛÙÈÛÐŗÊÈÛÐÖÕȮɯÈÕËɯÛÌÔ×ÌÙÈÛÜÙÌɯȹ#ÈÏÔɯÌÛɯÈÓȭɯ

ƖƔƕƚȺȭɯ.ÉÚÌÙÝÌËɯÐÔ×ÈÊÛÚɯÛÏÈÛɯÔÈàɯÉÌɯÓÐÕÒÌËɯÛÖɯÕÜÛÙÐÌÕÛÚɯÐÕÊÓÜËÌɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯȹÈÓÚÖɯÚÌÌɯ

ÛÏÌɯÊÖÕÊÌ×ÛÜÈÓɯËÐÈÎÙÈÔɯÐÕɯ%ÐÎÜÙÌɯƖȺȯ 

ƕȭ "ÏÈÕÎÌÚɯÐÕɯ×ÏàÛÖ×ÓÈÕÒÛÖÕɯÉÐÖÔÈÚÚɯÈÕËɯÊÖÔ×ÖÚÐÛÐÖÕȭɯ'à×ÖÛÏÌÚÐáÌËɯÊÖÕÛÙÐÉÜÛÐÕÎɯÍÈÊÛÖÙÚɯ

ÐÕÊÓÜËÌɯÌÓÌÝÈÛÌËɯÈÔÔÖÕÐÜÔɯÓÌÝÌÓÚȮɯÊÏÈÕÎÌÚɯÐÕɯÛÏÌɯÙÈÛÐÖɯÖÍɯÕÐÛÙÖÎÌÕɯÛÖɯ×ÏÖÚ×ÏÖÙÜÚɯ

ȹ#ÜÎËÈÓÌɯÌÛɯÈÓȭɯƖƔƔƛȮɯ&ÓÐÉÌÙÛɯƖƔƕƖȮɯ/ÈÙÒÌÙɯÌÛɯÈÓȭɯƖƔƕƖȺȮɯÈÕËɯÛÏÌɯÌřÌÊÛÚɯÖÍɯÐÕÝÈÚÐÝÌɯ

ÊÓÈÔÚɯȹ*ÐÔÔÌÙÌÙɯƖƔƔƖɯÈÕËɯƖƔƔƚȮɯ3ÏÖÔ×ÚÖÕɯÌÛɯÈÓȭɯƖƔƔƜȮɯ!ÌÕÕÌŲɯƖƔƔƙȺȭɯ 

Ɩȭ 'ÈÙÔÍÜÓɯÊàÈÕÖÉÈÊÛÌÙÐÈÓɯÉÓÖÖÔÚȭɯ"àÈÕÖÉÈÊÛÌÙÐÈÓɯÏÈÙÔÍÜÓɯÈÓÎÈÓɯÉÓÖÖÔÚɯȹÊàÈÕÖ' !ÚȺɯ

ÏÈÝÌɯÖÊÊÜÙÙÌËɯ×ÌÙÐÖËÐÊÈÓÓàɯÐÕɯÛÏÌɯ#ÌÓÛÈɯÚÐÕÊÌɯƕƝƝƝɯȹ+ÌÏÔÈÕɯÌÛɯÈÓȭɯƖƔƔƙȺɯÈÕËɯ

×ÖÛÌÕÛÐÈÓÓàɯÚÐÎÕÈÓɯÊÏÈÕÎÌÚɯÐÕɯÌÊÖÚàÚÛÌÔɯÙÌÚ×ÖÕÚÌȭɯ'à×ÖÛÏÌÚÐáÌËɯÊÖÕÛÙÐÉÜÛÐÕÎɯÍÈÊÛÖÙÚɯ

ÐÕÊÓÜËÌɯÌÓÌÝÈÛÌËɯÞÈÛÌÙɯÛÌÔ×ÌÙÈÛÜÙÌÚȮɯÓÖÕÎÌÙɯÞÈÛÌÙɯÙÌÚÐËÌÕÊÌɯÛÐÔÌÚȮɯÈÕËɯÏÐÎÏɯ

ÕÜÛÙÐÌÕÛɯÓÌÝÌÓÚȮɯ×ÈÙÛÐÊÜÓÈÙÓàɯÈÔÔÖÕÐÜÔȭɯ 

Ɨȭ 2ÜÉÔÌÙÎÌËɯÈÕËɯŘÖÈÛÐÕÎɯÈØÜÈÛÐÊɯÔÈÊÙÖ×ÏàÛÌÚȭɯ-ÖÕɪÕÈÛÐÝÌɯÚ×ÌÊÐÌÚɯÖÍɯÚÜÉÔÌÙÎÌËɯÈØÜÈÛÐÊɯ

ÝÌÎÌÛÈÛÐÖÕɯȹ2 5ȺɯÈÕËɯŘÖÈÛÐÕÎɯÈØÜÈÛÐÊɯÝÌÎÌÛÈÛÐÖÕɯȹ% 5ȺɯÏÈÝÌɯÉÌÊÖÔÌɯÈÉÜÕËÈÕÛɯÈÕËɯ

ÞÐËÌÚ×ÙÌÈËɯÐÕɯÛÏÌɯ#ÌÓÛÈȭɯ3ÏÌɯÌŚÊÈÊàɯÖÍɯÕÜÛÙÐÌÕÛɯÔÈÕÈÎÌÔÌÕÛɯÛÖɯÊÖÕÛÙÖÓɯÛÏÌɯ

ÈÉÜÕËÈÕÊÌɯÈÕËɯËÐÚÛÙÐÉÜÛÐÖÕɯÖÍɯÕÜÐÚÈÕÊÌɯÔÈÊÙÖ×ÏàÛÌɯÚ×ÌÊÐÌÚɯÐÚɯÉÌÐÕÎɯÐÕÝÌÚÛÐÎÈÛÌËȭ 

Ƙȭ /ÌÙÐÖËÐÊɯÓÖÞɯËÐÚÚÖÓÝÌËɯÖßàÎÌÕɯȹ#.ȺɯÐÕɯÉÈÊÒɯÚÓÖÜÎÏÚȭɯ-ÐÕÌɯÞÈÛÌÙÞÈàÚɯÞÐÛÏÐÕɯÛÏÌɯ#ÌÓÛÈɯ

ÈÙÌɯÓÐÚÛÌËɯÉàɯÛÏÌɯÚÛÈÛÌɯÈÚɯÐÔ×ÈÐÙÌËɯÉÌÊÈÜÚÌɯÖÍɯ×ÌÙÐÖËÐÊɯÓÖÞɯ#.ɯÌÝÌÕÛÚɯȹ261"!ɯƖƔƕƖȺȭɯ

,ÖÚÛɯÖÍɯÛÏÌɯÉÈÊÒɯÚÓÖÜÎÏɯÛà×ÌɯÏÈÉÐÛÈÛɯÖÕɯÛÏÌɯÚÖÜÛÏɯÈÕËɯÌÈÚÛɯÚÐËÌɯÖÍɯÛÏÌɯ#ÌÓÛÈɯÐÚɯ

ÐÔ×ÈÐÙÌËɯËÜÌɯÛÖɯÓÖÞɯ#.ȭɯ/ÙÐÔÈÙàɯÊÈÜÚÌÚɯÖÍɯÛÏÌɯÓÖÞɯ#.ɯÌÝÌÕÛÚɯÈÙÌɯÕÖÛɯÒÕÖÞÕȮɯÉÜÛɯ

ÕÜÛÙÐÌÕÛÚɯÍÙÖÔɯÓÖÊÈÓÐáÌËɯÈÎÙÐÊÜÓÛÜÙÈÓɯÈÕËɯÜÙÉÈÕɯÙÜÕÖřɯÈÕËɯÜ×ÚÛÙÌÈÔɯÚÖÜÙÊÌÚɯÈÙÌɯ

Ïà×ÖÛÏÌÚÐáÌËɯÈÚɯÊÖÕÛÙÐÉÜÛÐÕÎɯÍÈÊÛÖÙÚȮɯÈÓÖÕÎɯÞÐÛÏɯÌÓÌÝÈÛÌËɯÛÌÔ×ÌÙÈÛÜÙÌȮɯ×ÖÖÙɯ

ÊÐÙÊÜÓÈÛÐÖÕȮɯÈÕËɯÓÖÕÎɯÞÈÛÌÙɯÙÌÚÐËÌÕÊÌɯÛÐÔÌÚȭɯ 

ƙȭ #ÙÐÕÒÐÕÎɯÞÈÛÌÙɯÐÔ×ÈÊÛÚȭɯ2ÌÝÌÙÈÓɯÊÖÕÝÌàÈÕÊÌɯÍÈÊÐÓÐÛÐÌÚɯÈÕËɯÙÌÚÌÙÝÖÐÙÚɯÜÚÌËɯÍÖÙɯÚÛÖÙÈÎÌɯ

ÖÍɯÚÖÜÙÊÌɯÞÈÛÌÙɯ×ÜÔ×ÌËɯÍÙÖÔɯÛÏÌɯ#ÌÓÛÈɯÈÙÌɯ×ÓÈÎÜÌËɯÉàɯÌ×ÐÚÖËÐÊɯÛÈÚÛÌɯÈÕËɯÖËÖÙɯ

×ÙÖÉÓÌÔÚɯÈÕËɯÊÓÖÎÎÐÕÎɯÐÚÚÜÌÚɯËÜÌɯÛÖɯÕÜÐÚÈÕÊÌɯÈÓÎÈÓɯÉÓÖÖÔÚȭɯ6ÏÌÛÏÌÙɯÕÜÛÙÐÌÕÛɯÈÕËɯ

ÕÜÛÙÐÌÕÛɪÈÚÚÖÊÐÈÛÌËɯÊÖÕÚÛÐÛÜÌÕÛÚɯÊÖÕÝÌàÌËɯÍÙÖÔɯÛÏÌɯ#ÌÓÛÈɯÈÙÌɯÊÖÕÛÙÐÉÜÛÐÕÎɯ

ÚÐÎÕÐŗÊÈÕÛÓàɯÛÖɯÛÏÐÚɯÌßÊÌÚÚÐÝÌɯÈÓÎÈÓɯÎÙÖÞÛÏɯȹÈÕËɯÞÏÌÛÏÌÙɯÊÖÕÛÙÖÓÚɯÖÕɯÕÜÛÙÐÌÕÛɯÚÖÜÙÊÌÚɯ

ÛÖɯÈřÌÊÛɯÕÜÛÙÐÌÕÛɯÓÌÝÌÓÚɯÐÕɯÛÏÌɯ#ÌÓÛÈɯÞÖÜÓËɯÉÌɯÈɯÊÖÚÛɪÌřÌÊÛÐÝÌɯÊÖÕÛÙÖÓɯÖ×ÛÐÖÕȺɯÐÚɯ

ÜÕÊÌÙÛÈÐÕȭɯ ËËÐÛÐÖÕÈÓɯÔÖÕÐÛÖÙÐÕÎɯÈÕËɯÚ×ÌÊÐŗÊɯÚÛÜËÐÌÚɯÈÙÌɯÕÌÌËÌËɯÛÖɯËÐÙÌÊÛÓàɯÈËËÙÌÚÚɯ

ÛÏÐÚɯØÜÌÚÛÐÖÕȭ 

3ÏÌɯ"ÌÕÛÙÈÓɯ5ÈÓÓÌàɯ1ÌÎÐÖÕÈÓɯ6ÈÛÌÙɯ0ÜÈÓÐÛàɯ"ÖÕÛÙÖÓɯ!ÖÈÙËɯÈÕËɯÈɯ2ÛÈÒÌÏÖÓËÌÙɯÈÕËɯ

3ÌÊÏÕÐÊÈÓɯ ËÝÐÚÖÙàɯ&ÙÖÜ×ɯÈÙÌɯËÌÝÌÓÖ×ÐÕÎɯÈɯ#ÌÓÛÈɯ-ÜÛÙÐÌÕÛɯ1ÌÚÌÈÙÊÏɯ/ÓÈÕɯÛÖɯËÌÛÌÙÔÐÕÌɯ

ÞÏÌÛÏÌÙɯÈÕËɯÏÖÞɯÌÊÖÚàÚÛÌÔɯÊÖÕËÐÛÐÖÕÚɯÐÕɯÛÏÌɯ#ÌÓÛÈɯÊÈÕɯÉÌɯÐÔ×ÙÖÝÌËɯÉàɯÔÈÕÈÎÐÕÎɯ



 

ƕƕ 

ÕÜÛÙÐÌÕÛÚȭɯ,ÈÕàɯÖÍɯÛÏÌɯ#ÌÓÛÈɯ1,/ɀÚɯÈÚÚÌÚÚÔÌÕÛɯØÜÌÚÛÐÖÕÚɯÈÙÌɯËÐÙÌÊÛÓàɯÙÌÓÌÝÈÕÛɯÛÖɯÛÏÌɯ

-ÜÛÙÐÌÕÛɯ1ÌÚÌÈÙÊÏɯ/ÓÈÕɯȹ3ÈÉÓÌɯƕȺȭɯ3ÏÌɯ#ÌÓÛÈɯ1,/ɯÐÚɯÚÌÌÒÐÕÎɯÛÖɯÈÕÚÞÌÙɯÛÏÌÚÌɯØÜÌÚÛÐÖÕÚɯÈÚɯ

ÔÜÊÏɯÈÚɯ×ÖÚÚÐÉÓÌɯÉàɯÚàÕÛÏÌÚÐáÐÕÎɯËÈÛÈɯÈÕËɯÐÕÍÖÙÔÈÛÐÖÕɯÎÌÕÌÙÈÛÌËɯÉàɯÖÛÏÌÙɯÔÖÕÐÛÖÙÐÕÎɯ

ÈÎÌÕÊÐÌÚɯÈÕËɯÙÌÚÌÈÙÊÏÌÙÚȭɯ 

3ÏÐÚɯÙÌ×ÖÙÛɯÍÖÊÜÚÌÚɯÖÕɯÛÏÌɯ#ÌÓÛÈɯ1,/ɀÚɯɁ2ÛÈÛÜÚɯÈÕËɯ3ÙÌÕËÚɂɯȹ23ȺɯØÜÌÚÛÐÖÕÚɯÙÌÓÈÛÌËɯÛÖɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÖÍɯÕÜÛÙÐÌÕÛÚɯÈÕËɯÕÜÛÙÐÌÕÛɪÙÌÓÈÛÌËɯ×ÈÙÈÔÌÛÌÙÚɯȹÚÌÌɯØÜÌÚÛÐÖÕɯ23ƕɯÈÕËɯÚÜÉɪ

ØÜÌÚÛÐÖÕÚɯÐÕɯÛÏÌɯÙÐÎÏÛɪÏÈÕËɯÊÖÓÜÔÕɯÐÕɯ3ÈÉÓÌɯƕȺȭɯ3ÏÌɯÚ×ÌÊÐŗÊɯÖÉÑÌÊÛÐÝÌÚɯÍÖÙɯÛÏÐÚɯÙÌ×ÖÙÛɯ

ÈÙÌȯ 

ƕȭ $ßÛÌÕËɯËÈÛÈɯÈÕÈÓàÚÐÚɯÈÕËɯÖÉÚÌÙÝÈÛÐÖÕÚɯÍÙÖÔɯÛÏÌÚÌɯ×ÙÌÝÐÖÜÚɯÙÌ×ÖÙÛÚɯÛÖɯÐÕÊÓÜËÌɯ

ÕÌÞɯËÈÛÈɯȹƖƔƕƖɬƖƔƕƚȺɯÈÕËɯÈËËÐÛÐÖÕÈÓɯÕÜÛÙÐÌÕÛɪÙÌÓÈÛÌËɯ×ÈÙÈÔÌÛÌÙÚɯȹÊÏÓÖÙÖ×ÏàÓÓɪÈȮɯÈɯ

ÔÌÈÚÜÙÌɯÖÍɯÖÝÌÙÈÓÓɯ×ÏàÛÖ×ÓÈÕÒÛÖÕɯÈÉÜÕËÈÕÊÌȮɯÈÕËɯËÐÚÚÖÓÝÌËɯÖßàÎÌÕȺɯ 

Ɩȭ 2ÜÔÔÈÙÐáÌɯÙÌÚÜÓÛÚɯÍÙÖÔɯÛÏÌɯÍÖÓÓÖÞÐÕÎȮɯÙÌÊÌÕÛÓàɯÊÖÔ×ÓÌÛÌËɯ×ÙÖÑÌÊÛÚȯ 

Èȭ  ØÜÈÛÐÊɯ2ÊÐÌÕÊÌɯ"ÌÕÛÌÙɯȹ 2"Ⱥɯ×ÙÖÑÌÊÛɯÍÜÕËÌËɯÉàɯ#61ȮɯÚàÕÛÏÌÚÐáÐÕÎɯ

#61ɪ$,/ɯËÈÛÈɯȹƖƔƔƔɬƖƔƕƕȺȰɯ"ÏÈÙÈÊÛÌÙÐáÐÕÎɯÈÕËɯØÜÈÕÛÐÍàÐÕÎɯÕÜÛÙÐÌÕÛɯÚÖÜÙÊÌÚȮɯ

ÚÐÕÒÚɯÈÕËɯÛÙÈÕÚÍÖÙÔÈÛÐÖÕÚɯÐÕɯÛÏÌɯ#ÌÓÛÈȯɯ2àÕÛÏÌÚÐÚȮɯÔÖËÌÓÐÕÎȮɯÈÕËɯ

ÙÌÊÖÔÔÌÕËÈÛÐÖÕÚɯÍÖÙɯÔÖÕÐÛÖÙÐÕÎɯȹ-ÖÝÐÊÒ ÌÛ ÈÓȭ ƖƔƕƙȺȭɯ 

Éȭ  2"ɯ×ÙÖÑÌÊÛɯÍÜÕËÌËɯÉàɯÛÏÌɯ#ÌÓÛÈɯ2ÊÐÌÕÊÌɯ/ÙÖÎÙÈÔɯÈÕÈÓàáÐÕÎɯ($/ɪ$,/ɯ

ËÈÛÈɯȹƕƝƛƙɬƖƔƕƕȺɯÞÐÛÏɯÈɯÍÖÊÜÚɯÖÕɯÚ×ÈÛÐÈÓɯÝÈÙÐÈÉÐÓÐÛàȮɯ×ÖÛÌÕÛÐÈÓɯÚÜÉÙÌÎÐÖÕÚɯ

ÍÖÙɯÕÜÛÙÐÌÕÛɯÔÖËÌÓÐÕÎȮɯÈÕËɯÈÚÚÌÚÚÔÌÕÛȮɯÈÕËɯÓÐÔÐÛÌËɯÊÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯÖÍɯ

ÓÖÕÎɪÛÌÙÔɯÛÙÌÕËÚȯɯ2ÜÔÔÈÙàɯÈÕËɯÌÝÈÓÜÈÛÐÖÕɯÖÍɯ#ÌÓÛÈɯÚÜÉÙÌÎÐÖÕÚɯÍÖÙɯÕÜÛÙÐÌÕÛɯ

ÔÖÕÐÛÖÙÐÕÎɯÈÕËɯÈÚÚÌÚÚÔÌÕÛɯȹ)ÈÉÜÚÊÏɯÌÛɯÈÓȭɯƖƔƕƚȺȭ 

Êȭ 4ȭ2ȭɯ&ÌÖÓÖÎÐÊÈÓɯ2ÜÙÝÌàɯȹ42&2ȺɯÙÌ×ÖÙÛɯÍÜÕËÌËɯÉàɯÛÏÌɯ#ÌÓÛÈɯ1,/Ȯɯ

ÚàÕÛÏÌÚÐáÐÕÎɯÏÐÎÏɪÍÙÌØÜÌÕÊàɯÚÌÕÚÖÙɯËÈÛÈȯɯ/ÓÈÕÕÐÕÎɯÈÕËɯÖ×ÌÙÈÛÐÕÎɯÈɯÏÐÎÏɯ

ÍÙÌØÜÌÕÊàɯÕÜÛÙÐÌÕÛɯÈÕËɯÉÐÖÎÌÖÊÏÌÔÐÚÛÙàɯÔÖÕÐÛÖÙÐÕÎɯÕÌÛÞÖÙÒȯɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɪ2ÈÕɯ

)ÖÈØÜÐÕɯ#ÌÓÛÈɯȹ*ÙÈÜÚɯÌÛɯÈÓȭȮɯƖƔƕƛȰɯ#ÖÞÕÐÕÎɯÌÛɯÈÓȭȮɯƖƔƕƛȰɯ!ÌÙÎÈÔÈÚÊÏÐɯÌÛɯÈÓȭȮɯ

ƖƔƕƛȺȭɯ 

Ɨȭɯ3ÏÐÚɯÙÌ×ÖÙÛɯÊÖÕÊÓÜËÌÚɯÞÐÛÏɯÈɯÉÙÐÌÍɯÚÜÔÔÈÙàɯÖÍɯÛÏÌɯÚÛÈÛÌɪÖÍɪÒÕÖÞÓÌËÎÌɯÈÉÖÜÛɯ

ÌÈÊÏɯÖÍɯÛÏÌɯ#ÌÓÛÈɯ1,/ɀÚɯÈÚÚÌÚÚÔÌÕÛɯØÜÌÚÛÐÖÕÚɯÉÈÚÌËɯÖÕɯÛÏÌɯÕÌÞɯÈÕÈÓàÚÌÚɯ×ÙÌÚÌÕÛÌËɯ

ÏÌÙÌɯÈÕËɯÖÛÏÌÙɯÙÌÊÌÕÛɯÙÌ×ÖÙÛÚȭɯ 

  



 

ƕƖ 

3ÈÉÓÌɯƕȭɯ#ÌÓÛÈɯ1,/ɯÈÚÚÌÚÚÔÌÕÛɯØÜÌÚÛÐÖÕÚɯÍÖÙɯÕÜÛÙÐÌÕÛÚȭɯ 

(ÛÈÓÐÊÐáÌËɯÉÖÓËɪÍÈÊÌËɯØÜÌÚÛÐÖÕÚɯÈÙÌɯÈÚÚÌÚÚÔÌÕÛɯØÜÌÚÛÐÖÕÚɯÛÏÈÛɯÞÌÙÌɯ×ÙÐÖÙÐÛÐáÌËɯÉàɯ×ÙÖÎÙÈÔɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÍÖÙɯ

ÛÏÌɯÐÕÐÛÐÈÓɯ×ÙÖÎÙÈÔȭ 

Type Core Management Questions  Nutrient Assessment Questions  

Status & 

Trends 

Is there a problem or are there signs 

of a problem?   

a. Is water quality currently, or 

trending towards, adversely 

affecting beneficial uses of the 

Delta?  

b. Which constituents may be 

impairing  beneficial uses in 

subregions of the Delta? 

c. Are trends similar or different across 

different subregions of the Delta? 

ST1. How do concentrations of nutrients (and nutrient -

associated parameters) vary spatially and 

temporally? 

A. Are trends similar or different across subregions of 

the Delta? 

B. How are ambient levels and trends affected by 

variability in climate, hydrology, and ecology? 

C. Are there important data gaps associated with 

particular water bodies within the Delta 

subregions? 

ST2. What is the current status of the Delta  ecosystem 

as influenced by nutrients?  

A. What is the current ecosystem status of habitat 

types in different types of Delta waterways, and 

how are the conditions related to nutrients?  

Sources, 

Pathways, 

Loadings & 

Processes 

Which sources and processes are 

most important to understand and 

quantify?  

a. Which sources, pathways, loadings, 

and processes (e.g., 

transformations, bioaccumulation) 

contribute most to identified 

problems? 

b. What is the magnitude of each 

source and/or pathway (e.g., 

municipal wastewater, atmospheric 

deposition)? 

c. What are the magnitudes of 

internal sources and/or pathways 

(e.g. benthic flux) and sinks in the 

Delta? 

SPLP1. Which sources, pathways , and processes 

contribute most to observed levels of nutrients?  

A. How have nutrient or nutrient-related source controls 

and water management actions changed ambient 

levels of nutrients and nutrient-associated 

parameters? 

B. What are the loads from tributaries to the Delta? 

C. What are the sources and loads of nutrients within the 

Delta? 

D. What  role do internal sources play in influencing 

observed nutrient levels?  

E. Which factors in the Delta influence the effects of 

nutrients? 

F. What are the types and sources of nutrient sinks 

within the Delta ? 

G. What are the types and magnitudes of nutrient 

exports from the Delta to Suisun Bay and water 

intakes for the State and Federal Water Projects? 

Forecasting  

Scenarios 

a. How do ambient water quality 

conditions respond to  different 

management scenarios? 

b. What constituent loads can the 

Delta assimilate without 

impairment of beneficial uses? 

c. What is the likelihood that the 

Delta will be water quality-

impaired in the future ? 

FS1. How will ambient water quality conditions respond 

to potential or planned future source control actions, 

restoration proje cts, and water resource 

management changes? 
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2 Summary of New Analyses 

2.1 Approach 

3ÏÌɯÈÕÈÓàÚÐÚɯ×ÙÌÚÌÕÛÌËɯÏÌÙÌɯÍÖÊÜÚÌÚɯÖÕɯÛÏÌɯÚ×ÈÛÐÈÓȮɯÚÌÈÚÖÕÈÓȮɯÈÕËɯÛÌÔ×ÖÙÈÓɯÝÈÙÐÈÉÐÓÐÛàɯÖÍɯ

ÕÜÛÙÐÌÕÛÚɯÐÕɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɪ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯ#ÌÓÛÈȭɯ3ÏÐÚɯÈÕÈÓàÚÐÚɯÌß×ÈÕËÚɯÜ×ÖÕɯÈÕËɯ

Ü×ËÈÛÌÚɯÈÕÈÓàÚÌÚɯËÌÚÊÙÐÉÌËɯÐÕɯÛÞÖɯÙÌÊÌÕÛɯÙÌ×ÖÙÛÚȯɯ 

ƕȭ "ÏÈÙÈÊÛÌÙÐáÐÕÎɯÈÕËɯØÜÈÕÛÐÍàÐÕÎɯÕÜÛÙÐÌÕÛɯÚÖÜÙÊÌÚȮɯÚÐÕÒÚɯÈÕËɯÛÙÈÕÚÍÖÙÔÈÛÐÖÕÚɯÐÕɯÛÏÌɯ#ÌÓÛÈȯɯ

ÚàÕÛÏÌÚÐÚȮɯÔÖËÌÓÐÕÎȮɯÈÕËɯÙÌÊÖÔÔÌÕËÈÛÐÖÕÚɯÍÖÙɯÔÖÕÐÛÖÙÐÕÎɯȹ-ÖÝÐÊÒɯÌÛɯÈÓȭɯƖƔƕƙȺȭ 

Ɩȭ  ÕÈÓàÚÐÚɯÖÍɯÚ×ÈÛÐÈÓȮɯÚÌÈÚÖÕÈÓȮɯÈÕËɯÛÌÔ×ÖÙÈÓɯÝÈÙÐÈÉÐÓÐÛàȮɯÈÕËɯÓÖÕÎɪÛÌÙÔɯÛÙÌÕËÚɯÐÕɯÕÜÛÙÐÌÕÛɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÐÕɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɪ2ÈÕɯ)ÖÈØÜÐÕɯ#ÌÓÛÈɯÈÕËɯ2ÜÐÚÜÕɯ!ÈàɯËÜÙÐÕÎɯÛÏÌɯ×ÌÙÐÖËɯ

ƕƝƛƙɬƖƔƕƗȭɯ ××ÌÕËÐßɯƖɯÐÕɯ2ÜÔÔÈÙàɯÈÕËɯ$ÝÈÓÜÈÛÐÖÕɯÖÍɯ#ÌÓÛÈɯ2ÜÉÙÌÎÐÖÕÚɯÍÖÙɯ-ÜÛÙÐÌÕÛɯ

,ÖÕÐÛÖÙÐÕÎɯÈÕËɯ ÚÚÌÚÚÔÌÕÛɯȹ)ÈÉÜÚÊÏɯÌÛɯÈÓȭɯƖƔƕƚȺȭ 

3ÏÌɯÚÈÔÌɯÔÌÛÏÖËÚɯÍÖÙɯÛÙÌÕËɯÈÕÈÓàÚÐÚɯÞÌÙÌɯÜÚÌËɯÐÕɯÛÏÐÚɯÙÌ×ÖÙÛɯÈÚɯÛÏÌÚÌɯÛÞÖɯ×ÙÌÝÐÖÜÚɯ

ÙÌ×ÖÙÛÚȭɯ 

#ÈÛÈÚÌÛȯɯ3ÏÌɯËÈÛÈɯÜÚÌËɯÍÖÙɯÛÏÐÚɯÈÕÈÓàÚÐÚɯÞÌÙÌɯÊÖÓÓÌÊÛÌËɯÉàɯÛÏÌɯ#Ì×ÈÙÛÔÌÕÛɯÖÍɯ

6ÈÛÌÙɯ1ÌÚÖÜÙÊÌÚɯ$ÕÝÐÙÖÕÔÌÕÛÈÓɯ,ÖÕÐÛÖÙÐÕÎɯ/ÙÖÎÙÈÔɯȹ#61ɪ$,/ȺȮɯÞÏÐÊÏɯÐÚɯ×ÈÙÛɯ

ÖÍɯÛÏÌɯ(ÕÛÌÙÈÎÌÕÊàɯ$ÊÖÓÖÎÐÊÈÓɯ/ÙÖÎÙÈÔȭɯ3ÏÌɯ#61ɪ$,/ɯÊÖÕËÜÊÛÚɯËÐÚÊÙÌÛÌɯȹÎÙÈÉɯ

ÚÈÔ×ÓÌȺɯ×ÏàÚÐÊÈÓɪÊÏÌÔÐÊÈÓɯÔÖÕÐÛÖÙÐÕÎɯȹÕÌÈÙɪÔÖÕÛÏÓàȺɯÖÍɯÔÈÊÙÖÕÜÛÙÐÌÕÛÚɯ

ȹÐÕÖÙÎÈÕÐÊɯÍÖÙÔÚɯÖÍɯÕÐÛÙÖÎÌÕȮɯ×ÏÖÚ×ÏÖÙÜÚȮɯÈÕËɯÚÐÓÐÊÖÕȺȰɯÛÖÛÈÓɯÚÜÚ×ÌÕËÌËɯÚÖÓÐËÚȰɯ

ÛÖÛÈÓɯËÐÚÚÖÓÝÌËɯÚÖÓÐËÚȰɯÛÖÛÈÓȮɯ×ÈÙÛÐÊÜÓÈÛÌɯÈÕËɯËÐÚÚÖÓÝÌËɯÖÙÎÈÕÐÊɯÕÐÛÙÖÎÌÕɯÈÕËɯ

ÊÈÙÉÖÕȰɯÊÏÓÖÙÖ×ÏàÓÓɯÈȮɯËÐÚÚÖÓÝÌËɯÖßàÎÌÕȮɯÚ×ÌÊÐŗÊɯÊÖÕËÜÊÛÈÕÊÌȮɯÛÜÙÉÐËÐÛàȮɯ2ÌÊÊÏÐɯ

ËÌ×ÛÏȮɯÈÕËɯÞÈÛÌÙɯÛÌÔ×ÌÙÈÛÜÙÌȭɯ2ÛÈÛÐÖÕÚɯÐÕÊÓÜËÌËɯÐÕɯÛÏÐÚɯÈÕÈÓàÚÐÚɯÈÙÌɯÚÏÖÞÕɯ

ÉÌÓÖÞȭɯ#Ü×ÓÐÊÈÛÌɯÙÌÚÜÓÛÚɯÍÖÙɯÛÏÌɯÚÈÔÌɯÚÛÈÛÐÖÕɪËÈÛÌɪËÌ×ÛÏɯÞÌÙÌɯÈÝÌÙÈÎÌËɯ×ÙÐÖÙɯÛÖɯ

ÎÌÕÌÙÈÛÐÕÎɯÎÙÈ×ÏÐÊÚɯÖÙɯ×ÌÙÍÖÙÔÐÕÎɯÚÛÈÛÐÚÛÐÊÈÓɯÈÕÈÓàÚÌÚȭɯ%ÖÙɯÔÖÙÌɯÐÕÍÖÙÔÈÛÐÖÕɯ

ÈÉÖÜÛɯÛÏÌɯÔÖÕÐÛÖÙÐÕÎɯ×ÙÖÎÙÈÔɯÚÌÌɯÛÏÌɯ×ÙÖÎÙÈÔɯÞÌÉÚÐÛÌȯɯ

ÏŲ×ȯɤɤÞÞÞȭÞÈÛÌÙȭÊÈȭÎÖÝɤÐÌ×ɤÈÊÛÐÝÐÛÐÌÚɤÌÔ×ȭÊÍÔȭɯ 

 
Station Code Location Subregion 

C3 Sacramento River @ Hood Sacramento River 

D26 San Joaquin River at Potato Point North Central Delta 

MD10 Disappointment Slough @ Bishop Cut North Central Delta 

P8 San Joaquin River @ Buckley Cove North Central Delta 

D19 Frank's Tract  South Central Delta 

D28A Old River @ Rancho Del Rio South Central Delta 

C10 San Joaquin River near Vernalis South Delta 

D4 Sacramento River above Point Sacramento Confluence 

D6 Martinez Suisun Bay 

D7 Grizzly Bay  Suisun Bay 

D8 Suisun Bay off Middle Point near. Nichols Suisun Bay 

http://www.water.ca.gov/iep/activities/emp.cfm
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2ÛÈÛÐÚÛÐÊÈÓɯ,ÌÛÏÖËÚɯÍÖÙɯ3ÙÌÕËÚɯ ÕÈÓàÚÐÚȯɯ3ÏÌɯ2ÌÈÚÖÕÈÓɯ*ÌÕËÈÓÓɯÛÌÚÛɯȹ2*3Ȯɯ'ÌÓÚÌÓɯ

ÈÕËɯ'ÐÙÚÊÏɯƖƔƔƖȮɯ'ÐÙÚÊÏɯÌÛɯÈÓȭɯƕƝƜƖȺɯÛÌÚÛɯÞÈÚɯÜÚÌËɯÛÖɯÛÌÚÛɯÍÖÙɯÛÙÌÕËÚɯÐÕɯÛÏÌɯËÈÛÈȭɯ(Ûɯ

ÐÚɯÈɯÕÖÕɪ×ÈÙÈÔÌÛÙÐÊɯÙÈÕÒɯÛÌÚÛɯÛÏÈÛɯÏÈÚɯÉÌÌÕɯ×ÙÖÝÌÕɯÙÖÉÜÚÛɯÐÕɯÌÝÈÓÜÈÛÐÕÎɯÛÙÌÕËÚɯÐÕɯ

ÛÐÔÌɯÚÌÙÐÌÚɯÛÏÈÛɯÏÈÝÌɯÚÛÙÖÕÎɯÚÌÈÚÖÕÈÓÐÛàȭɯ3ÏÌɯ2*3ɯÐÚɯÈÕɯÌßÛÌÕÚÐÖÕɯÖÍɯ,ÈÕÕɪ

*ÌÕËÈÓÓɯÛÌÚÛȮɯÉÜÛɯÐÛɯËÖÌÚɯÕÖÛɯÔÈÒÌɯÈÚÚÜÔ×ÛÐÖÕÚɯÈÉÖÜÛɯÛÏÌɯËÐÚÛÙÐÉÜÛÐÖÕɯÖÍɯÛÏÌɯËÈÛÈɯ

ÈÕËɯÈÓÓÖÞÚɯÔÐÚÚÐÕÎɯÝÈÓÜÌÚɯÈÕËɯÊÌÕÚÖÙÌËɯËÈÛÈɯÞÐÛÏÖÜÛɯÉÐÈÚÐÕÎɯÛÏÌɯÈÕÈÓàÚÐÚȭɯ,ÖÙÌɯ

Ú×ÌÊÐŗÊÈÓÓàȮɯÛÏÌɯ2*3ɯÈÊÊÖÜÕÛÚɯÍÖÙɯÚÌÈÚÖÕÈÓÐÛàɯÉàɯÊÖÔ×ÜÛÐÕÎɯÛÏÌɯ,ÈÕÕɪ*ÌÕËÈÓÓɯ

ÛÌÚÛɯÖÕɯÌÈÊÏɯÔÖÕÛÏɯÚÌ×ÈÙÈÛÌÓàȮɯÈÕËɯÛÏÌÕɯÊÖÔÉÐÕÐÕÎɯÛÏÌɯÙÌÚÜÓÛÚȭɯ ÚɯËÌÚÊÙÐÉÌËɯÉàɯ

)ÈÚÚÉàɯȹƖƔƔƜȺȮɯÓÖÕÎɪÛÌÙÔɯÛÙÌÕËÚɯÞÌÙÌɯÌÚÛÐÔÈÛÌËɯÈÍÛÌÙɯÈËÑÜÚÛÐÕÎɯÍÖÙɯÛÖÛÈÓɯÙÐÝÌÙɯ

ÐÕŘÖÞɯÜÚÐÕÎɯÓÖÊÈÓÓàɯÞÌÐÎÏÛÌËɯÙÌÎÙÌÚÚÐÖÕɯÞÐÛÏɯÈɯÚ×ÈÕɯÖÍɯƔȭƙɯÈÕËɯÈɯÓÖÊÈÓÓàɯÓÐÕÌÈÙɯ

ŗÛȭ 

%ÖÙɯÛÏÐÚɯÙÌ×ÖÙÛȮɯÞÌɯÉÜÐÓÛɯÜ×ÖÕɯÛÏÌɯ×ÙÌÝÐÖÜÚɯÞÖÙÒɯÉàɯÈÕÈÓàáÐÕÎɯÛÏÌɯÔÖÚÛɯÙÌÊÌÕÛɯÈÝÈÐÓÈÉÓÌɯ

ÔÖÕÐÛÖÙÐÕÎɯËÈÛÈɯÍÙÖÔɯ#61ɪ$,/ɯÛÏÙÖÜÎÏɯÛÏÌɯÌÕËɯÖÍɯ6ÈÛÌÙɯ8ÌÈÙɯȹ68ȺɯƖƔƕƚȭɯ6ÌɯÈÓÚÖɯ

Ìß×ÈÕËÌËɯÛÏÌɯÈÕÈÓàÚÐÚɯÛÖɯÐÕÊÓÜËÌɯÈËËÐÛÐÖÕÈÓɯ×ÈÙÈÔÌÛÌÙÚɯȹÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌȮɯ/.ǀȮɯÛÖÛÈÓɯ

×ÏÖÚ×ÏÖÙÜÚȮɯ3/ȮɯËÐÚÚÖÓÝÌËɯÖßàÎÌÕȮɯ#.ȮɯÈÕËɯÊÏÓÖÙÖ×ÏàÓÓɪÈȮɯ"ÏÓɪÈȺɯÛÏÈÛɯÞÌÙÌɯÕÖÛɯ

ÐÕÊÓÜËÌËɯÖÙɯÐÕɯ-ÖÝÐÊÒɯÌÛɯÈÓȭɯȹƖƔƕƙȺɯÖÙɯÞÌÙÌɯÖÕÓàɯËÐÚÊÜÚÚÌËɯÉÙÐÌŘàȭɯ.ÜÙɯÈÕÈÓàÚÐÚɯÍÖÊÜÚÌÚɯ

ÖÕɯÈɯƕƚɪàÌÈÙɯ×ÌÙÐÖËɯÚ×ÈÕÕÐÕÎɯÍÙÖÔɯÞÈÛÌÙɯàÌÈÙÚɯȹ68ȺɯƖƔƔƕɯÛÖɯƖƔƕƚɯȹ.ÊÛÖÉÌÙɯƕȮɯƖƔƔƕɯÛÖɯ

2Ì×ÛÌÔÉÌÙɯƗƔȮɯƖƔƕƚȺȭɯ3ÏÌɯÜ×ËÈÛÌËɯÈÕËɯÈËËÐÛÐÖÕÈÓɯÈÕÈÓàÚÌÚɯÐÕÊÓÜËÌȯ 

ƕȭ 4×ËÈÛÌËɯÛÐÔÌɯÚÌÙÐÌÚɯ×ÓÖÛÚɯÖÍɯÞÈÛÌÙɯØÜÈÓÐÛàɯËÈÛÈȯɯ4×ËÈÛÌËɯÈÕËɯÈËËÐÛÐÖÕÈÓɯÛÐÔÌɯÚÌÙÐÌÚɯ

ËÈÛÈɯÈÓÓÖÞɯÍÖÙɯÝÐÚÜÈÓÐáÈÛÐÖÕɯÖÍɯÞÈÛÌÙɯØÜÈÓÐÛàɯËÈÛÈɯÈÕËɯÍÖÙɯÛÙÌÕËÚɯÖÙɯÖÛÏÌÙɯÊÏÈÕÎÌÚȭ 

Ɩȭ 4×ËÈÛÌËɯÛÙÌÕËɯÈÕÈÓàÚÌÚȯɯ2ÛÈÛÐÚÛÐÊÈÓɯÈÕÈÓàÚÌÚɯÍÖÙɯÛÙÌÕËɯÐÕɯÐÕŘÖÞɪÈËÑÜÚÛÌËɯËÈÛÈɯÍÖÙɯ

ÌÈÊÏɯÚÛÈÛÐÖÕȮɯÜÚÐÕÎɯÛÏÌɯ2ÌÈÚÖÕÈÓɯ*ÌÕËÈÓÓɯ3ÌÚÛȭ 

Ɨȭ 4×ËÈÛÌËɯ×ÓÖÛÚɯÖÍɯÕÜÛÙÐÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÉàɯÚÌÈÚÖÕȯɯ4×ËÈÛÌËɯÈÕËɯÈËËÐÛÐÖÕÈÓɯÉÖßɯ×ÓÖÛÚɯ

ÖÍɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÕËɯÙÈÛÐÖÚɯÉàɯÚÛÈÛÐÖÕɯÈÕËɯÉàɯÔÖÕÛÏɯÛÖɯÌÝÈÓÜÈÛÌɯÚÌÈÚÖÕÈÓɯÈÕËɯ

Ú×ÈÛÐÈÓɯÝÈÙÐÈÉÐÓÐÛàȰɯÈɯÊÖÔ×ÈÙÐÚÖÕɯÖÍɯËÙÖÜÎÏÛɯàÌÈÙɯËÈÛÈɯÞÐÛÏɯÛÏÖÚÌɯÖÍɯÞÌÛɯÈÕËɯ

ÕÖÙÔÈÓɯàÌÈÙÚȭ 

Ƙȭ 6ÈÛÌÙɯ8ÌÈÙɯƖƔƕƚɯÕÜÛÙÐÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÊÖÔ×ÈÙÌËɯÛÖɯ×ÙÌÝÐÖÜÚɯÖÉÚÌÙÝÈÛÐÖÕÚȯɯ ɯ

ÊÖÔ×ÈÙÐÚÖÕɯÖÍɯÛÏÌɯÙÌÚÜÓÛÚɯÍÙÖÔɯÛÏÌɯÔÖÚÛɯÙÌÊÌÕÛɯàÌÈÙɯÖÍɯËÈÛÈɯȹ68ƖƔƕƚȺɯÞÐÛÏɯÛÏÌɯ

ÙÈÕÎÌɯÐÕɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÊÙÖÚÚɯÛÏÌɯÌÕÛÐÙÌɯÛÐÔÌɯ×ÌÙÐÖËȭ 

%ÖÙɯÈËËÐÛÐÖÕÈÓɯËÌÛÈÐÓɯÖÕɯÛÏÌɯÚÛÈÛÐÚÛÐÊÈÓɯÔÌÛÏÖËÚɯÈÕËɯÈÕÈÓàÛÐÊÈÓɯÈ××ÙÖÈÊÏÌÚȮɯÚÌÌɯ-ÖÝÐÊÒɯÌÛɯ

ÈÓȭɯȹƖƔƕƙȺɯÈÕËɯ)ÈÉÜÚÊÏ ÌÛ ÈÓȭ ȹƖƔƕƚȺȭ 
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2.2 Results and Discussion 

3ÏÐÚɯÚÌÊÛÐÖÕɯ×ÙÌÚÌÕÛÚɯÛÏÌɯÒÌàɯŗÕËÐÕÎÚɯÍÙÖÔɯÛÏÌɯÜ×ËÈÛÌËɯÈÕÈÓàÚÌÚȮɯÞÐÛÏɯÈÕɯÌÔ×ÏÈÚÐÚɯÖÕɯ

ÛÙÌÕËÚȭɯ ÓÓɯŗÎÜÙÌÚɯÈÙÌɯ×ÙÌÚÌÕÛÌËɯÐÕɯÈɯÚÌ×ÈÙÈÛÌɯÚÌÊÛÐÖÕɯÖÍɯÛÏÌɯÙÌ×ÖÙÛɯȹÚÌÌɯ%ÐÎÜÙÌÚȮɯ

ÉÌÎÐÕÕÐÕÎɯÖÕɯ×ÈÎÌɯƙƘȺȭɯ%ÐÎÜÙÌɯƕɯÚÏÖÞÚɯÛÏÌɯÓÖÊÈÛÐÖÕɯÖÍɯÞÈÛÌÙɯØÜÈÓÐÛàɯÔÖÕÐÛÖÙÐÕÎɯÚÛÈÛÐÖÕÚɯ

ȹ"ƗȮɯ#ƚȮɯ/ƜȮɯ,#ƕƔȮɯÌÛÊȭȺɯÙÌÍÌÙÙÌËɯÛÖɯÐÕɯÛÏÌɯÛÌßÛȮɯÛÈÉÓÌÚȮɯÈÕËɯŗÎÜÙÌÚɯÉÌÓÖÞȭɯ 

Updated Time Series Plots of Water Quality Data 

3ÏÌɯÍÖÓÓÖÞÐÕÎɯ×ÈÙÈÎÙÈ×ÏÚɯÏÐÎÏÓÐÎÏÛɯÕÖÛÈÉÓÌɯÊÏÈÕÎÌÚɯÐÕɯÛÏÌɯÛÐÔÌɯÚÌÙÐÌÚɯÛÏÈÛɯÖÊÊÜÙÙÌËɯÐÕɯ

ÛÏÌɯÙÌÊÌÕÛɯËÙÖÜÎÏÛɯàÌÈÙÚɯȹ68ɯƖƔƕƖɬƕƚȺȮɯÈÚɯÊÖÔ×ÈÙÌËɯÛÖɯ×ÙÌÝÐÖÜÚɯàÌÈÙÚɯȹ68ɯƖƔƔƕɬƖƔƕƕȺȭɯ

%ÐÎÜÙÌÚɯƘɬƖƛɯÚÏÖÞɯÔÖÕÛÏÓàɯÛÐÔÌɯÚÌÙÐÌÚɯÍÖÙɯÕÐÛÙÖÎÌÕɯÍÖÙÔÚɯȹÈÔÔÖÕÐÈɯȻ-'ǀȼȮɯÕÐÛÙÈÛÌɯ

Ȼ-.ƿȼȮɯËÐÚÚÖÓÝÌËɯÕÐÛÙÖÎÌÕɯȻ#(-ȼȮɯÈÕËɯÛÖÛÈÓɯÕÐÛÙÖÎÌÕɯȻ3-ȼȺȮɯ×ÏÖÚ×ÏÖÙÜÚɯÍÖÙÔÚɯȹËÐÚÚÖÓÝÌËɯ

ÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯȻ/.ǀȼɯÈÕËɯÛÖÛÈÓɯ×ÏÖÚ×ÏÖÙÜÚɯȻ3/ȼȺȮɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯȹ"ÏÓɪÈȺȮɯÈÕËɯËÐÚÚÖÓÝÌËɯ

ÖßàÎÌÕɯȹ#.ȺȮɯÍÖÙɯÈɯƕƚɪàÌÈÙɯ×ÌÙÐÖËɯÌßÛÌÕËÐÕÎɯÍÙÖÔɯÞÈÛÌÙɯàÌÈÙɯƖƔƔƕɯÛÖɯÞÈÛÌÙɯàÌÈÙɯƖƔƕƚȭɯ

3ÏÌɯÕÌÞÌÙɯËÈÛÈɯÍÖÙɯ68ɯƖƔƕƖɬƖƔƕƚɯÈÙÌɯ×ÓÖŲÌËɯÐÕɯÙÌËɯÖÕɯÛÏÌÚÌɯÎÙÈ×ÏÚȭɯ 

2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯ#ÖÔÐÕÈÛÌËɯ2ÛÈÛÐÖÕÚ 

(ÕɯÈÙÌÈÚɯÖÍɯÛÏÌɯ#ÌÓÛÈɯÛÏÈÛɯÈÙÌɯËÖÔÐÕÈÛÌËɯÖÙɯÚÛÙÖÕÎÓàɯÐÕŘÜÌÕÊÌËɯÉàɯ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯ

ÞÈÛÌÙȮɯ×ÌÈÒɯÈÔÔÖÕÐÜÔɯÈÕËɯËÐÚÚÖÓÝÌËɯÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯËÜÙÐÕÎɯÛÏÌɯÙÌÊÌÕÛɯ

ËÙÖÜÎÏÛɯàÌÈÙÚɯÏÐÛɯÛÏÌɯÏÐÎÏÌÚÛɯÓÌÝÌÓÚɯÍÖÙɯÛÏÌɯƕƚɪàÌÈÙɯËÈÛÈÚÌÛȭɯ ÓÚÖȮɯËÜÙÐÕÎɯƖƔƕƙɯÈÕËɯƖƔƕƚȮɯ

ÛÏÌÙÌɯÞÌÙÌɯÜÕÜÚÜÈÓÓàɯÓÈÙÎÌɯÈÓÎÈÌɯÉÓÖÖÔÚɯÐÕɯÛÏÌɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈȭɯ2×ÌÊÐŗÊɯÖÉÚÌÙÝÈÛÐÖÕÚɯÈÙÌɯ

ÏÐÎÏÓÐÎÏÛÌËɯÉÌÓÖÞȯ 

¶  ÔÔÖÕÐÜÔɯÏÈËɯÏÐÎÏÌÙɯ×ÌÈÒɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÕËɯÚÛÙÖÕÎÌÙɯÚÌÈÚÖÕÈÓÐÛàɯÈÛɯÚÖÔÌɯÚÛÈÛÐÖÕÚȭɯ3ÏÌɯ

ËÙÖÜÎÏÛɯàÌÈÙɯËÈÛÈɯÐÕÊÓÜËÌɯÛÏÌɯÏÐÎÏÌÚÛɯ×ÌÈÒɯÈÔÔÖÕÐÜÔɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÛɯÚÛÈÛÐÖÕɯ

"ƗɯÉÌÓÖÞɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɯ1ÌÎÐÖÕÈÓɯ6ÈÚÛÌÞÈÛÌÙɯ3ÙÌÈÛÔÌÕÛɯ/ÓÈÕɯÍÖÙɯÛÏÌɯÌÕÛÐÙÌɯƕƚɪ

àÌÈÙɯ×ÌÙÐÖËɯȹ%ÐÎÜÙÌɯƘȮɯÜ××ÌÙɯ×ÈÕÌÓȺȭɯ ÓÚÖȮɯÈÛɯÚÌÝÌÙÈÓɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈɯÚÛÈÛÐÖÕÚɯȹ#ƕƝȮɯ

#ƖƚȮɯÈÕËɯ#ƖƜȮɯ%ÐÎÜÙÌɯƙȺȮɯÞÐÕÛÌÙɯÈÔÔÖÕÐÈɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÞÌÙÌɯÕÖÛÐÊÌÈÉÓàɯÏÐÎÏÌÙɯÐÕɯ

ÛÏÌɯËÙÖÜÎÏÛɯàÌÈÙÚɯÛÏÈÕɯËÜÙÐÕÎɯ68ɯƖƔƕƔɯÈÕËɯ68ɯƖƔƕƕȮɯÞÏÐÊÏɯÞÌÙÌɯÞÌŲÌÙȭɯ2ÜÔÔÌÙɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÛɯÛÏÌɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈɯÚÛÈÛÐÖÕÚɯËÖɯÕÖÛɯÈ××ÌÈÙɯËÐřÌÙÌÕÛɯÍÙÖÔɯÛÏÖÚÌɯ

ÖÉÚÌÙÝÌËɯ×ÙÐÖÙɯÛÖɯƖƔƕƖȮɯÈÕËɯÛÏÌÙÌÍÖÙÌɯÛÏÌɯÚÌÈÚÖÕÈÓɯÝÈÙÐÈÛÐÖÕɯÐÕɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÞÈÚɯ

ÔÖÙÌɯ×ÙÖÕÖÜÕÊÌËɯËÜÙÐÕÎɯÛÏÌɯËÙÖÜÎÏÛȭɯ3ÏÌɯ×ÈŲÌÙÕɯÚÜÎÎÌÚÛÚɯÓÖÞÌÙɯÛÏÈÕɯÈÝÌÙÈÎÌɯ

ŘÖÞÚɯÐÕɯÛÏÌɯÞÐÕÛÌÙɯÈÕËȮɯÛÏÌÙÌÍÖÙÌȮɯÓÌÚÚɯËÐÓÜÛÐÖÕɯÖÍɯ×ÙÌÚÜÔÌËɯÊÖÕÚÛÈÕÛɯÈÔÔÖÕÐÜÔɯ

ÐÕ×ÜÛÚ1ȮɯÊÖÕÛÙÐÉÜÛÐÕÎɯÛÖɯÏÐÎÏÌÙɯÛÏÈÕɯÈÝÌÙÈÎÌɯ×ÌÈÒɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÐÕɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɯ

1ÐÝÌÙɯËÜÙÐÕÎɯÛÏÌɯÞÐÕÛÌÙȭɯ3ÏÌɯÓÈÙÎÌɯÚÌÈÚÖÕÈÓɯÚÞÐÕÎÚɯÖÍɯÈÔÔÖÕÐÜÔɯÈÛɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈɯ

                                                 

1ɯ ÝÌÙÈÎÌɯÓÖÈËÚɯÍÙÖÔɯÛÏÌɯËÖÔÐÕÈÕÛɯÈÔÔÖÕÐÜÔɯÚÖÜÙÊÌɯÛÖɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯËÐËɯÕÖÛɯÊÏÈÕÎÌɯËÜÙÐÕÎɯÛÏÌɯ

ËÙÖÜÎÏÛȭɯ3ÏÌɯŗÝÌɪàÌÈÙɯÈÝÌÙÈÎÌɯÓÖÈËɯÖÍɯÈÔÔÖÕÐÜÔɯÍÙÖÔɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɯ1ÌÎÐÖÕÈÓɯ6ÈÚÛÌÞÈÛÌÙɯ3ÙÌÈÛÔÌÕÛɯ

/ÓÈÕÛɯȹ2163/ȺɯÍÖÙɯ68ɯƖƔƔƛɪƖƔƕƕɯÞÈÚɯÈ××ÙÖßÐÔÈÛÌÓàɯƕƗȮƘƔƔɯÒÎɯ-ɤËȭɯ3ÏÌɯŗÝÌɪàÌÈÙɯÈÝÌÙÈÎÌɯÓÖÈËɯÖÍɯ

ÈÔÔÖÕÐÜÔɯÍÙÖÔɯ2163/ɯÍÖÙɯ68ɯƖƔƕƖɪƖƔƕƚɯÞÈÚɯÈ××ÙÖßÐÔÈÛÌÓàɯƕƗȮƙƔƔɯÒÎɯ-ɤËȭɯ 
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ÚÛÈÛÐÖÕÚɯÐÕËÐÊÈÛÌɯÛÏÈÛɯÐÛɯÎÌÛÚɯÊÖÕÚÜÔÌËɯÈÚɯÐÛɯ×ÈÚÚÌÚɯÈÓÖÕÎɯÛÏÌɯŘÖÞɯ×ÈÛÏɯËÜÌɯÛÖɯ

ÉÐÖÓÖÎÐÊÈÓɯÜ×ÛÈÒÌɯÈÕËɤÖÙɯÛÙÈÕÚÍÖÙÔÈÛÐÖÕȮɯÌÚ×ÌÊÐÈÓÓàɯËÜÙÐÕÎɯÚÜÔÔÌÙɯÔÖÕÛÏÚȭɯ 

¶ #ÐÚÚÖÓÝÌËɯÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯÈÕËɯÛÖÛÈÓɯ×ÏÖÚ×ÏÖÙÜÚɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÐÕÊÙÌÈÚÌËɯËÜÙÐÕÎɯÛÏÌɯ

ËÙÖÜÎÏÛȭɯ"ÖÕÊÌÕÛÙÈÛÐÖÕÚɯÖÍɯËÐÚÚÖÓÝÌËɯÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯÈÕËɯÛÖÛÈÓɯ×ÏÖÚ×ÏÖÙÜÚɯ

ÐÕÊÙÌÈÚÌËɯÈÛɯÈÓÓɯÚÛÈÛÐÖÕÚɯÛÏÈÛɯÈÙÌɯËÖÔÐÕÈÛÌËɯÖÙɯÚÛÙÖÕÎÓàɯÐÕŘÜÌÕÊÌËɯÉàɯ2ÈÊÙÈÔÌÕÛÖɯ

1ÐÝÌÙɯÞÈÛÌÙɯȹ%ÐÎÜÙÌÚɯƕƚȮɯƕƛȮɯƕƝȮɯÈÕËɯƖƔȺȭɯ ɯ×ÓÈÜÚÐÉÓÌɯÏà×ÖÛÏÌÚÐÚɯÛÖɯÌß×ÓÈÐÕɯÛÏÐÚɯ

×ÏÌÕÖÔÌÕÖÕɯÐÚɯÛÏÈÛɯÛÏÌÙÌɯÐÚɯÈɯÙÌÓÈÛÐÝÌÓàɯÊÖÕÚÛÈÕÛɯÓÖÈËɯÖÍɯ×ÏÖÚ×ÏÖÙÜÚɯÍÙÖÔɯ

ÞÈÚÛÌÞÈÛÌÙɯ×ÓÈÕÛÚɯËÐÚÊÏÈÙÎÐÕÎɯÛÖɯÛÏÌɯÙÐÝÌÙȭɯ+ÖÞÌÙɯÙÐÝÌÙɯŘÖÞÚɯÔÌÈÕɯÓÌÚÚɯËÐÓÜÛÐÖÕɯ

ÈÕËɯÏÐÎÏÌÙɯ×ÏÖÚ×ÏÖÙÜÚɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚȭɯ'ÖÞÌÝÌÙȮɯÛÏÌÙÌɯÈÙÌɯÖÛÏÌÙɯÚÖÜÙÊÌÚɯÖÍɯ

×ÏÖÚ×ÏÖÙÜÚɯÈÕËɯÈɯÙÈÕÎÌɯÖÍɯÍÈÊÛÖÙÚɯÛÏÈÛɯÈřÌÊÛɯÐÛÚɯÍÈÛÌɯÈÕËɯÛÙÈÕÚ×ÖÙÛȮɯÚÖɯÈËËÐÛÐÖÕÈÓɯ

ÙÌÚÌÈÙÊÏɯÞÖÜÓËɯÉÌɯÙÌØÜÐÙÌËɯÛÖɯÊÖÕŗÙÔɯÛÏÐÚɯÏà×ÖÛÏÌÚÐÚȭ 

¶ +ÈÙÎÌɯÈÓÎÈÓɯÉÓÖÖÔÚɯÞÌÙÌɯÖÉÚÌÙÝÌËȮɯÌÚ×ÌÊÐÈÓÓàɯÈÛɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈɯÚÛÈÛÐÖÕÚȭɯ"ÖÕÊÌÕÛÙÈÛÐÖÕÚɯÖÍɯ

ÊÏÓÖÙÖ×ÏàÓÓɪÈɯÈÛɯÚÛÈÛÐÖÕÚɯ#ƖƚɯÈÕËɯ#ƕƝɯÌßÊÌÌËÌËɯƚƔɯϟÎɤ+ɯÐÕɯÛÏÌɯÚÜÔÔÌÙɯÖÍɯƖƔƕƚɯ

ȹ%ÐÎÜÙÌɯƖƗȺȭɯ/ÏàÛÖ×ÓÈÕÒÛÖÕɯÛÈßÖÕÖÔàɯËÈÛÈɯÍÙÖÔɯÛÏÌɯ#61ɯ$ÕÝÐÙÖÕÔÌÕÛÈÓɯ

,ÖÕÐÛÖÙÐÕÎɯ/ÙÖÎÙÈÔɯÐÕËÐÊÈÛÌɯÛÏÈÛɯÛÏÌɯÉÓÖÖÔɯÐÕɯ68ɯƖƔƕƚɯÞÈÚɯËÖÔÐÕÈÛÌËɯÉàɯÊÌÕÛÙÐÊɯ

ËÐÈÛÖÔÚɯÉàɯÉÐÖÝÖÓÜÔÌȭɯ3ÏÌÚÌɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯÔÈßÐÔÈɯÊÖÐÕÊÐËÌɯÞÐÛÏɯÙÌËÜÊÛÐÖÕÚɯÐÕɯ

ÕÐÛÙÈÛÌȮɯËÐÚÚÖÓÝÌËɯÐÕÖÙÎÈÕÐÊɯÕÐÛÙÖÎÌÕȮɯÈÕËɯÛÖÛÈÓɯÕÐÛÙÖÎÌÕȮɯÉÜÛɯÕÖÛɯËÐÚÚÖÓÝÌËɯ

ÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯȹ%ÐÎÜÙÌÚɯƜȮɯƕƕȮɯƕƘȮɯÈÕËɯ%ÐÎÜÙÌɯƕƛȺȭɯ3ÏÌɯÉÓÖÖÔɯÔÈàɯÏÈÝÌɯÌßÛÌÕËÌËɯ

ÛÖɯÚÛÈÛÐÖÕɯ,#ƕƔɯÐÕɯÛÏÌɯÌÈÚÛÌÙÕɯ-ÖÙÛÏɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈɯȹ%ÐÎÜÙÌɯƖƘȺɯÈÕËɯÚÛÈÛÐÖÕɯ#ƘɯÐÕɯ

ÛÏÌɯ"ÖÕŘÜÌÕÊÌɯȹ%ÐÎÜÙÌɯƖƗȺȭɯ3ÏÐÚɯÉÓÖÖÔɯÖÙɯÈɯÚÐÔÐÓÈÙɯÖÕÌɯÞÈÚɯÊÈ×ÛÜÙÌËɯÉàɯÛÏÌɯÏÐÎÏɪ

ÍÙÌØÜÌÕÊàɯÚÌÕÚÖÙÚɯËÌ×ÓÖàÌËɯÈÛɯ1ÐÖɯ5ÐÚÛÈɯÈÕËɯ/ÙÐÚÖÕÌÙɯ/ÖÐÕÛɯÉàɯ42&2ɯÈÕËɯ#61Ȯɯ

ÙÌÚ×ÌÊÛÐÝÌÓàɯ ɯÚÏÖÙÛɯÛÙÈÊÌɯÖÍɯÛÏÌɯËÈÛÈɯÐÚɯÚÏÖÞÕɯÐÕɯ-ÖÝÐÊÒɯÌÛɯÈÓȭɯȹƖƔƕƚȮɯ%ÐÎÜÙÌɯƘȭƛȺȭ 

2ÈÕɯ)ÖÈØÜÐÕɯ#ÖÔÐÕÈÛÌËɯ2ÛÈÛÐÖÕÚ 

(ÕɯÈÙÌÈÚɯÖÍɯÛÏÌɯ#ÌÓÛÈɯÛÏÈÛɯÈÙÌɯËÖÔÐÕÈÛÌËɯÉàɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯÞÈÛÌÙȮɯ×ÏÖÚ×ÏÖÙÜÚɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈ××ÌÈÙÌËɯÛÖɯÐÕÊÙÌÈÚÌɯËÜÙÐÕÎɯÛÏÌɯËÙÖÜÎÏÛȮɯÌÚ×ÌÊÐÈÓÓàɯÈÛɯ!ÜÊÒÓÌàɯ"ÖÝÌȭɯ

 ÓÎÈÌɯÉÓÖÖÔÚɯÖÊÊÜÙÙÌËɯÈÛɯ5ÌÙÕÈÓÐÚɯËÜÙÐÕÎɯÛÏÌɯËÙÖÜÎÏÛɯàÌÈÙÚȮɯÞÏÐÊÏɯÞÈÚɯÊÖÕÚÐÚÛÌÕÛɯÞÐÛÏɯ

ÛÏÌɯ×ÈŲÌÙÕɯÖÍɯÉÓÖÖÔÚɯËÜÙÐÕÎɯËÙàɯàÌÈÙÚȭɯ2×ÌÊÐŗÊɯÖÉÚÌÙÝÈÛÐÖÕÚɯÈÙÌɯÏÐÎÏÓÐÎÏÛÌËɯÉÌÓÖÞȯ 

¶ $ÓÌÝÈÛÌËɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÖÍɯËÐÚÚÖÓÝÌËɯÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯÈÕËɯÛÖÛÈÓɯ×ÏÖÚ×ÏÖÙÜÚɯÞÌÙÌɯÖÉÚÌÙÝÌËɯ

ÐÕɯÛÏÌɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯÈÛɯ!ÜÊÒÓÌàɯ"ÖÝÌȭɯ/ÏÖÚ×ÏÖÙÜÚɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÛɯ!ÜÊÒÓÌàɯ

"ÖÝÌɯȹ/ƜȺɯÞÌÙÌɯÔÜÊÏɯÏÐÎÏÌÙɯÖÝÌÙÈÓÓɯËÜÙÐÕÎɯÛÏÌɯËÙÖÜÎÏÛɯÊÖÔ×ÈÙÌËɯÛÖɯÛÏÌɯ68ɯ

ƖƔƔƚɪƖƔƕƕɯ×ÌÙÐÖËɯȹ%ÐÎÜÙÌɯƖƕȺȭɯ3ÏÌɯ×ÌÈÒɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÐÕɯ68ɯƖƔƕƖɪƖƔƕƚɯÙÌÛÜÙÕÌËɯ

ÛÖɯÓÌÝÌÓÚɯÕÖÛɯÚÌÌÕɯÚÐÕÊÌɯ68ɯƖƔƔƕɪƖƔƔƘȭɯ1ÌËÜÊÌËɯËÐÓÜÛÐÖÕɯËÜÙÐÕÎɯÛÏÌɯËÙÖÜÎÏÛɯËÖÌÚɯ

ÕÖÛɯÌß×ÓÈÐÕɯÛÏÌɯÙÌÊÌÕÛɯÏÐÎÏɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÉÌÊÈÜÚÌɯÛÏÌɯÐÕŘÖÞÚɯÛÖɯÛÏÌɯ#ÌÓÛÈɯÐÕɯ68ɯ

ƖƔƔƛɪƖƔƔƝɯÞÌÙÌɯÚÐÔÐÓÈÙɯÛÖɯÛÏÌɯÙÌÊÌÕÛɯËÙÖÜÎÏÛɯàÌÈÙÚɯȹ%ÐÎÜÙÌɯƘƔȺȭɯ3ÏÌɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯ

ÈÛɯ!ÜÊÒÓÌàɯ"ÖÝÌɯÞÌÙÌɯÏÐÎÏÌÙɯÛÏÈÕɯÈÛɯÛÏÌɯ5ÌÙÕÈÓÐÚɯÚÛÈÛÐÖÕɯÓÖÊÈÛÌËɯÜ×ÚÛÙÌÈÔɯÖÕɯÛÏÌɯ

2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯȹ%ÐÎÜÙÌÚɯƕƜɯÈÕËɯƖƕȺȭɯ 



 

ƕƛ 

¶ 3ÏÌɯÏÐÎÏÌÚÛɯ×ÌÈÒɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÖÍɯËÐÚÚÖÓÝÌËɯÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯÈÛɯ5ÌÙÕÈÓÐÚɯÖÊÊÜÙÙÌËɯËÜÙÐÕÎɯ

ÞÐÕÛÌÙɯÐÕɯƖƔƕƙɯÈÕËɯƖƔƕƚɯÞÏÐÊÏɯÞÌÙÌɯÉÖÛÏɯËÜÙÐÕÎɯÛÏÌɯËÙÖÜÎÏÛȭɯ3ÏÌɯ×ÌÈÒɯÞÐÕÛÌÙɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÐÕɯ68ƖƔƕƙɯÈÕËɯ68ƖƔƕƚɯÌßÊÌÌËɯƔȭƗɯÔÎɤ+ɯÈÕËɯÈÙÌɯÛÏÌɯÏÐÎÏÌÚÛɯÐÕɯÛÏÌɯ

ÌÕÛÐÙÌɯƕƚɪàÌÈÙɯ×ÌÙÐÖËȭɯ/ÓÖŲÐÕÎɯÛÏÌɯËÐÚÚÖÓÝÌËɯÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯ

ÝÌÙÚÜÚɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯŘÖÞɯÚÏÖÞÚɯÛÏÈÛɯÛÏÌɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÞÌÙÌɯÈÊÛÜÈÓÓàɯÏÐÎÏÌÚÛɯ

ËÜÙÐÕÎɯÛÏÌɯ×ÌÙÐÖËÚɯÖÍɯÏÐÎÏÌÙɯŘÖÞɯȹ%ÐÎÜÙÌɯƖƜȺȭɯ3ÏÌÙÌÍÖÙÌȮɯÛÏÌɯ×ÌÈÒɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯ

ÐÕɯÛÏÌɯÞÐÕÛÌÙɯÓÐÒÌÓàɯÐÕËÐÊÈÛÌɯ×ÌÙÐÖËÚɯÖÍɯÙÜÕÖřɯËÜÙÐÕÎɯÞÐÕÛÌÙɯÚÛÖÙÔÚȭɯɯ 

¶ +ÈÙÎÌɯÈÓÎÈÓɯÉÓÖÖÔÚɯÐÕɯÛÏÌɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯÈÛɯ5ÌÙÕÈÓÐÚȭɯ"ÏÓÖÙÖ×ÏàÓÓɪÈɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯ

ÐÕɯÛÏÌɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯÕÌÈÙÌËɯÖÙɯÌßÊÌÌËÌËɯƕƔƔɯϟÎɤ+ɯÐÕɯÛÏÌɯÚÜÔÔÌÙÚɯÖÍɯƖƔƕƖȮɯ

ƖƔƕƗȮɯƖƔƕƙȮɯÈÕËɯƖƔƕƚȮɯÚÜÎÎÌÚÛÐÕÎɯÓÈÙÎÌɯÈÓÎÈÓɯÉÓÖÖÔÚɯÐÕɯÛÏÌÚÌɯàÌÈÙÚɯȹ%ÐÎÜÙÌɯƖƘȺȭɯ

/ÏàÛÖ×ÓÈÕÒÛÖÕɯÛÈßÖÕÖÔàɯËÈÛÈɯÍÙÖÔɯÛÏÌɯ#61ɯ$ÕÝÐÙÖÕÔÌÕÛÈÓɯ,ÖÕÐÛÖÙÐÕÎɯ

/ÙÖÎÙÈÔɯÐÕËÐÊÈÛÌɯÛÏÈÛɯÛÏÌɯÉÓÖÖÔɯÐÕɯ68ɯƖƔƕƚɯÞÈÚɯËÖÔÐÕÈÛÌËɯÉàɯÊÌÕÛÙÐÊɯËÐÈÛÖÔÚɯ

ÉàɯÉÐÖÝÖÓÜÔÌȭɯ!ÓÖÖÔÚɯÖÍɯÛÏÐÚɯÔÈÎÕÐÛÜËÌɯÖÙɯÓÈÙÎÌÙɯÏÈÝÌɯÖÊÊÜÙÙÌËɯÈÛɯÛÏÐÚɯÚÛÈÛÐÖÕɯ

ÉÌÍÖÙÌɯÛÏÌɯËÙÖÜÎÏÛȭɯ'ÖÞÌÝÌÙȮɯÈÊÙÖÚÚɯÛÏÌɯÌÕÛÐÙÌɯƕƚɪàÌÈÙɯ×ÌÙÐÖËȮɯÚÜÔÔÌÙɯ

ÊÏÓÖÙÖ×ÏàÓÓɪÈɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÛɯ5ÌÙÕÈÓÐÚɯÈ××ÌÈÙɯÛÖɯÉÌɯÏÐÎÏÌÚÛɯËÜÙÐÕÎɯÊÙÐÛÐÊÈÓɯÖÙɯËÙàɯ

ÞÈÛÌÙɯàÌÈÙÚɯȹƖƔƔƕɬƔƖȮɯƖƔƔƘȮɯƖƔƔƛɬƔƝȮɯƖƔƕƖɬƕƚȺȭ 

 

Updated Trend Analyses 

3ÏÌɯÔÖÚÛɯÙÌÊÌÕÛɯƕƚɪàÌÈÙɯËÈÛÈÚÌÛɯÞÈÚɯÈÕÈÓàáÌËɯÍÖÙɯÛÌÔ×ÖÙÈÓɯÛÙÌÕËÚɯÈÛɯÐÕËÐÝÐËÜÈÓɯÚÛÈÛÐÖÕÚȭɯ

3ÏÌɯÚÛÈÛÐÚÛÐÊÈÓɯÔÌÛÏÖËɯÜÚÌËɯÞÈÚɯÈɯ2ÌÈÚÖÕÈÓɯ*ÌÕËÈÓÓɯ3ÌÚÛɯÖÕɯŘÖÞɯÈËÑÜÚÛÌËɯËÈÛÈɯ

ÍÖÓÓÖÞÐÕÎɯÛÏÌɯ×ÙÖÊÌËÜÙÌÚɯÜÚÌËɯÐÕɯ)ÈÉÜÚÊÏɯÌÛɯÈÓȭɯȹƖƔƕƚȺȭɯ3ÖɯÊÈÓÊÜÓÈÛÌɯŘÖÞɪÈËÑÜÚÛÌËɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕÚȮɯÛÏÌɯÙÌÓÈÛÐÖÕÚÏÐ×ɯÉÌÛÞÌÌÕɯÛÏÌɯÖÉÚÌÙÝÌËɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÛɯÈɯÚÐÛÌɯÈÕËɯ

ÐÕŘÖÞɯÛÖɯÛÏÌɯ#ÌÓÛÈɯÐÚɯÜÚÌËɯÛÖɯÊÖÙÙÌÊÛɯÍÖÙɯÝÈÙÐÈÕÊÌɯÐÕɯÛÏÌɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÛÏÈÛɯÞÖÜÓËɯÉÌɯ

Ìß×ÌÊÛÌËɯ×ÜÙÌÓàɯÍÙÖÔɯÊÏÈÕÎÌÚɯÐÕɯÛÏÌɯŘÖÞɯȹÚÌÌɯ%ÐÎÜÙÌɯƖƝɯÍÖÙɯÈÕɯÐÓÓÜÚÛÙÈÛÐÖÕȺȭɯ%ÖÙɯÛÏÌɯŗÙÚÛɯ

ÈÕÈÓàÚÐÚȮɯÛÏÌɯÍÜÓÓɯËÈÛÈÚÌÛɯÍÖÙɯ68ɯƖƔƔƕɬƖƔƕƚɯÞÈÚɯÜÚÌËȭɯ ɯÚÌÊÖÕËɯÈÕÈÓàÚÐÚɯÞÈÚɯÙÜÕɯÖÕɯÑÜÚÛɯ

ÛÏÌɯÔÖÚÛɯÙÌÊÌÕÛɯƙɯàÌÈÙÚɯËÜÙÐÕÎɯÛÏÌɯËÙÖÜÎÏÛɯȹ68ɯƖƔƕƖɬƖƔƕƚȺȭ 

 

Trends for the Most Recent 16-year Period (WY2001ð2016) 

3ÏÌɯÛÙÌÕËɯÈÕÈÓàÚÐÚɯËÌÛÌÊÛÌËɯÚÌÝÌÙÈÓɯÚÐÎÕÐŗÊÈÕÛɯÛÙÌÕËÚɯÐÕɯÛÏÌɯƕƚɪàÌÈÙɯ×ÌÙÐÖËɯÌßÛÌÕËÐÕÎɯ

ÍÙÖÔɯ68ɯƖƔƔƕɯÛÖɯƖƔƕƚɯȹ%ÐÎÜÙÌÚɯƗƔɯÈÕËɯƗƕȺȭ 

 

-ÐÛÙÖÎÌÕɯÈÕËɯ/ÏÖÚ×ÏÖÙÜÚɯȹ%ÐÎÜÙÌÚɯƗƔɯÈÕËɯƗƕȺ 

¶ 2ÐÎÕÐŗÊÈÕÛɯËÌÊÙÌÈÚÌÚɯÐÕɯÕÐÛÙÖÎÌÕɯÈÕËɯ×ÏÖÚ×ÏÖÙÜÚɯÐÕɯÛÏÌɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯÈÛɯ5ÌÙÕÈÓÐÚɯ

ȹ"ƕƔȺȭɯ#ÌÊÙÌÈÚÐÕÎɯÛÙÌÕËÚɯȹƗǔɯÛÖɯƙǔɯ×ÌÙɯàÌÈÙȺɯÞÌÙÌɯËÌÛÌÊÛÌËɯÐÕɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÖÍɯ

ÕÐÛÙÈÛÌȮɯËÐÚÚÖÓÝÌËɯÐÕÖÙÎÈÕÐÊɯÕÐÛÙÖÎÌÕȮɯÈÕËɯÛÖÛÈÓɯÕÐÛÙÖÎÌÕɯÉÜÛɯÕÖÛɯÐÕɯÈÔÔÖÕÐÜÔȭɯ



 

ƕƜ 

#ÌÊÙÌÈÚÐÕÎɯÛÙÌÕËÚɯÞÌÙÌɯÈÓÚÖɯËÌÛÌÊÛÌËɯÐÕɯËÐÚÚÖÓÝÌËɯÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯÈÕËɯÛÖÛÈÓɯ

×ÏÖÚ×ÏÖÙÜÚɯȹÈÙÖÜÕËɯƗǔɯ×ÌÙɯàÌÈÙȺȭɯ3ÏÌÚÌɯÛÙÌÕËÚɯÊÖÜÓËɯÉÌɯËÜÌɯÛÖɯÔÈÕàɯÍÈÊÛÖÙÚɯ

ÚÜÊÏɯÈÚɯÙÌËÜÊÌËɯÙÜÕÖřɯȹÈÕËɯÏÌÕÊÌɯÕÖÕɪ×ÖÐÕÛɯÚÖÜÙÊÌɯÓÖÈËÚȺɯËÜÙÐÕÎɯÛÏÌɯËÙÖÜÎÏÛɯ

ÈÕËɯÕÖÕɪ×ÖÐÕÛɯÚÖÜÙÊÌɯÊÖÕÛÙÖÓÚȮɯÚÜÊÏɯÈÚɯÛÏÌɯÙÌËÜÊÛÐÖÕɯÖÍɯËÐÚÊÏÈÙÎÌÚɯÍÙÖÔɯÛÏÌɯ

&ÙÈÚÚÓÈÕËɯ!à×ÈÚÚɯ/ÙÖÑÌÊÛɯȹ&ÙÈÚÚÓÈÕËɯ!à×ÈÚÚɯ/ÙÖÑÌÊÛɯ.ÝÌÙÚÐÎÏÛɯ"ÖÔÔÐŲÌÌɯƖƔƕƗȺȮɯ

ÈÓÛÏÖÜÎÏɯÔÖÙÌɯÌÝÐËÌÕÊÌɯÐÚɯÕÌÌËÌËɯÛÖɯÊÖÕŗÙÔɯÛÏÐÚȭɯ 

¶  ɯÚÐÎÕÐŗÊÈÕÛɯËÌÊÙÌÈÚÌɯÐÕɯÈÔÔÖÕÐÜÔɯÞÈÚɯËÌÛÌÊÛÌËɯÐÕɯÛÏÌɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯÈÛɯ!ÜÊÒÓÌàɯ

"ÖÝÌɯȹ/ƜȺȭɯ3ÏÐÚɯÚÛÈÛÐÖÕɯÐÚɯËÖÞÕÚÛÙÌÈÔɯÖÍɯÛÏÌɯ2ÛÖÊÒÛÖÕɯ663/ȭɯ3ÏÌɯËÌÊÙÌÈÚÌɯÐÕɯ

ÈÔÔÖÕÐÜÔɯÈÛɯÛÏÐÚɯÚÛÈÛÐÖÕɯÐÚɯÌß×ÌÊÛÌËȮɯÈÚɯÛÏÌɯÔÈÑÖÙɯÚÖÜÙÊÌɯÖÍɯÈÔÔÖÕÐÜÔɯÛÖɯÛÏÐÚɯ

ÚÛÙÌÛÊÏɯÖÍɯÙÐÝÌÙɯÊÈÔÌɯÍÙÖÔɯÛÏÌɯ2ÛÖÊÒÛÖÕɯ663/ȮɯÞÏÐÊÏɯÈËËÌËɯÉÐÖÓÖÎÐÊÈÓɯÕÜÛÙÐÌÕÛɯ

ÙÌÔÖÝÈÓɯȹÖÙɯÛÌÙÛÐÈÙàɯÛÙÌÈÛÔÌÕÛȺɯÐÕɯƖƔƔƚȮɯÙÌËÜÊÐÕÎɯÐÛÚɯËÐÚÊÏÈÙÎÌɯÖÍɯÈÔÔÖÕÐÜÔȭɯ3ÏÌɯ

ÊÏÈÕÎÌɯÐÕɯÈÔÔÖÕÐÜÔɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÛɯÛÏÐÚɯÚÛÈÛÐÖÕɯÐÕɯƖƔƔƚɯÐÚɯÊÓÌÈÙÓàɯÌÝÐËÌÕÛɯÐÕɯ

%ÐÎÜÙÌɯƚȭ 

¶ (ÕÊÙÌÈÚÐÕÎɯÛÙÌÕËÚɯÞÌÙÌɯËÌÛÌÊÛÌËɯÍÖÙɯËÐÚÚÖÓÝÌËɯÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯȹ/.ǀȺɯÈÛɯÚÛÈÛÐÖÕÚɯÐÕɯÛÏÌɯ

"ÌÕÛÙÈÓɯ#ÌÓÛÈȭɯ3ÏÌɯÛÙÌÕËɯÞÈÚɯÚÛÈÛÐÚÛÐÊÈÓÓàɯÚÐÎÕÐŗÊÈÕÛɯÈÛɯÖÕÌɯÚÛÈÛÐÖÕɯȹ,#ƕƔȺȮɯÞÐÛÏɯ

ÈÕɯÐÕÊÙÌÈÚÌɯÖÍɯÔÖÙÌɯÛÏÈÕɯƘǔɯ×ÌÙɯàÌÈÙȭɯ3ÏÌɯÐÕÊÙÌÈÚÌɯÖÍɯ/.ǀɯÐÚɯ×ÖÛÌÕÛÐÈÓÓàɯ

ÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯÛÏÌɯÌßÛÌÕËÌËɯËÙÖÜÎÏÛɯÊÖÕËÐÛÐÖÕÚɯÐÕɯÛÏÌɯÔÖÚÛɯÙÌÊÌÕÛɯàÌÈÙÚȭɯ

'ÖÞÌÝÌÙȮɯÛÏÌɯ/.ǀɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÛɯÛÏÐÚɯÚÐÛÌɯÈÙÌɯØÜÐÛÌɯÓÖÞȭɯ3ÏÌɯËÌÛÌÊÛÌËɯÐÕÊÙÌÈÚÌɯ

ÐÚɯÚÔÈÓÓɯÐÕɯÈÉÚÖÓÜÛÌɯÛÌÙÔÚɯÈÕËɯ×ÙÖÉÈÉÓàɯÕÖÛɯÔÌÈÕÐÕÎÍÜÓȭ 

#ÐÚÚÖÓÝÌËɯ.ßàÎÌÕɯȹ%ÐÎÜÙÌɯƗƕȺ 

¶  ɯÚÐÎÕÐŗÊÈÕÛɯÐÕÊÙÌÈÚÌɯÐÕɯËÐÚÚÖÓÝÌËɯÖßàÎÌÕɯÞÈÚɯËÌÛÌÊÛÌËɯÐÕɯÛÏÌɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯÈÛɯ

!ÜÊÒÓÌàɯ"ÖÝÌɯȹ/ƜȺȭɯ3ÏÌɯÐÕÊÙÌÈÚÌɯÐÕɯÖßàÎÌÕɯÈÛɯÛÏÐÚɯÚÛÈÛÐÖÕɯȹÖÍɯÈÉÖÜÛɯƕǔɯ×ÌÙɯàÌÈÙȺɯ

ÊÖÜÓËɯÉÌɯÙÌÓÈÛÌËɯÛÖɯÐÔ×ÓÌÔÌÕÛÈÛÐÖÕɯÖÍɯÛÏÌɯ#ÐÚÚÖÓÝÌËɯ.ßàÎÌÕɯ3ÖÛÈÓɯ,ÈßÐÔÜÔɯ

#ÈÐÓàɯ+ÖÈËɯȹ#.ɯ3,#+ȺɯÐÕɯÛÏÌɯ+ÖÞÌÙɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯÐÕÊÓÜËÐÕÎɯ2ÛÖÊÒÛÖÕɯ

663/ɯÜ×ÎÙÈËÌÚɯȹƖƔƔƚȺɯÈÕËɯÖ×ÌÙÈÛÐÖÕɯÖÍɯÈÌÙÈÛÖÙÚɯÈÛɯ/ÖÙÛɯÖÍɯ2ÛÖÊÒÛÖÕɯȹÉÌÎÈÕɯ
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×ÓÈÕÛɯÐÕɯƖƔƔƚȭɯ 
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ÈÓÚÖɯÊÏÈÕÎÌËɯÛÏÌɯ×ÈŲÌÙÕɯÖÍɯÖÉÚÌÙÝÌËɯÛÙÌÕËÚɯÐÕɯÊÏÓÖÙÖ×ÏàÓÓɪÈȭɯ-ÌÞɯÐÕÊÙÌÈÚÐÕÎɯÛÙÌÕËÚɯ
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 ÕÖÛÏÌÙɯÐÕÛÌÙÌÚÛÐÕÎɯÖÉÚÌÙÝÈÛÐÖÕɯÐÚɯÛÏÈÛɯÛÏÌɯÔÈÎÕÐÛÜËÌÚɯÖÍɯÛÙÌÕËÚɯÛÏÈÛɯÞÌÙÌɯËÌÛÌÊÛÌËɯÈÙÌɯ
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ÛÏÌɯÖÙËÌÙɯÖÍɯƙƔǔɯÖÝÌÙɯƕƔɯàÌÈÙÚȮɯÖÙɯƘǔɯ×ÌÙɯàÌÈÙȭɯ3ÏÌɯÚÛÈÛÐÚÛÐÊÈÓÓàɯÚÐÎÕÐŗÊÈÕÛɯÛÙÌÕËÚɯ
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Trends for the Recent Drought Years (Water Year 2012ð2016) 
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ÛÞÖɯÛÐÔÌɯ×ÌÙÐÖËÚȮɯÊÈÓÊÜÓÈÛÌËɯÜÚÐÕÎɯ2ÌÈÚÖÕÈÓɯ,ÈÕÕɬ*ÌÕËÈÓÓɯ3ÌÚÛȭɯ 

2ÛÈÛÐÚÛÐÊÈÓÓàɯÚÐÎÕÐŗÊÈÕÛɯÛÙÌÕËÚɯȹ× Ȁ ƔȭƔƙȺɯÈÙÌɯÐÕɯÉÖÓËɯÈÕËɯÚÏÈËÌËɯȹÉÓÜÌɯǻɯÕÌÎÈÛÐÝÌɯÛÙÌÕËȮɯàÌÓÓÖÞɯǻɯ×ÖÚÐÛÐÝÌɯ
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Station 

 Ammonium 

(NH◦) 

 Nitrate 

(NO◙) 

 Dissolved Inorganic Nitrogen 

(DIN) 

 1999ð 

2013 

WY 2001ð

2016 

 1999ð 

2013 

WY 2001ð

2016 

 1999ð 

2013 

WY 2001ð

2016 

C10  ð4.0 +0.4  ð3.1 ð4.4  ð3.3 ð4.4 

P8  ð12.1 ð4.4  ð0.7 ð1.6  ð2.2 ð3.0 

MD10  ð2.2 +0.2  ð2.8 ð2.2  ð2.9 ð1.79 

D26  ð2.3 ð1.6  ð0.5 ð0.3  ð0.9 ð0.8 

D19  ð2.8 ð0.01  ð3.5 ð1.9  ð3.5 ð1.8 

D28  ð1.7 +0.08  ð2.4 ð2.4  ð2.2 ð2.1 

D6  ð0.6 ð0.5  +0.4 +0.1  +0.1 ð0.1 

D7  ð1.3 ð1.00  ð0.2 ð0.3  ð0.4 ð0.5 

D8  ð1.0 ð0.5  ð0.3 ð0.4  ð0.5 ð0.6 

D4  ð1.7 ð1.0  ð0.7 ð0.7  ð0.9 ð1.0 

C3  ð0.9 ð1.1  +1.2 +0.8  ð0.5 ð0.6 

       

Station 

 Total Nitrogen 

(TN) 

 Dissolved Orthophosphate 

(PO◦) 

 Chlorophyll-a 

(chl-a) 

 1999ð 

2013 

WY 2001ð

2016 

 1999ð 

2013 

WY 2001ð

2016 

 1999ð 

2013 

WY 2001ð

2016 

C10  ð2.7 ð3.1  ð2.9 ð3.3  +1.7 +0.3 

P8  ð2.1 ð2.6  ð0.1 +1.3  ð8.0 ð6.0 

MD10  ð1.6 ð0.9  +3.2 +4.3  ð2.8 ð1.5 

D26  ð0.4 +0.1  ð0.3 +0.4  ð0.3 +1.3 

D19  ð2.3 ð0.1  ð0.9 +1.0  +3.5 +2.8 

D28  ð1.6 ð0.8  0.0 +0.8  ð3.7 ð0.5 

D6  ð0.2 +0.5  ð0.8 ð0.4  +0.9 +0.9 

D7  ð0.6 ð0.4  ð1.3 ð0.5  +0.6 +1.3 

D8  ð0.7 ð0.1  ð1.4 ð0.3  +0.3 +0.9 

D4  ð1.0 ð0.3  ð1.2 ð0.2  +0.9 +1.3 

C3  ð0.5 +0.1  ð0.9 ð0.2  +0.6 ð0.6 
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Analysis of Nutrient Concentrations by Season during Wet and Dry Years 
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ÕÜÛÙÐÌÕÛɪÙÌÓÈÛÌËɯ×ÈÙÈÔÌÛÌÙÚȮɯÈÕËɯÕÜÛÙÐÌÕÛɯÙÈÛÐÖÚɯÖÉÚÌÙÝÌËɯÉÌÛÞÌÌÕɯàÌÈÙÚɯÛÏÈÛɯÞÌÙÌɯ

ÊÓÈÚÚÐŗÌËɯÉàɯ#61ɯÈÚɯɁÞÌÛɂɯÖÙɯɁÈÉÖÝÌɯÕÖÙÔÈÓɂɯÝÌÙÚÜÚɯÛÏÖÚÌɯÊÓÈÚÚÐŗÌËɯÈÚɯɁÉÌÓÖÞɯ

ÕÖÙÔÈÓɂȮɯɁËÙàȮɂɯÈÕËɯɁÊÙÐÛÐÊÈÓȭɂɯ2ÛÈÛÐÚÛÐÊÈÓÓàɯÚÐÎÕÐŗÊÈÕÛɯËÐřÌÙÌÕÊÌÚɯÐÕɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÞÌÙÌɯ

ËÌÛÌÙÔÐÕÌËɯÜÚÐÕÎɯÛÏÌɯ*ÙÜÚÒÈÓɪ6ÈÓÓÐÚɯ3ÌÚÛɯÞÐÛÏɯÈɯÚÐÎÕÐŗÊÈÕÊÌɯÛÏÙÌÚÏÖÓËɯÖÍɯ× Ǿ ƔȭƔƙȭɯ3ÏÌɯ

ÚÛÈÛÐÚÛÐÊÈÓÓàɯÚÐÎÕÐŗÊÈÕÛɯËÐřÌÙÌÕÊÌÚɯÈÙÌɯÏÐÎÏÓÐÎÏÛÌËɯÖÕɯÛÏÌɯŗÎÜÙÌÚɯÞÐÛÏɯÊÖÓÖÙÌËɯÉÖß×ÓÖÛÚȭɯ 

#ÌÓÛÈɯÐÕŘÖÞɯÖÝÌÙɯÛÏÌɯÞÈÛÌÙɯƖƔƔƕɯÛÖɯƖƔƕƚɯ×ÌÙÐÖËɯÐÚɯ×ÓÖŲÌËɯÐÕɯ%ÐÎÜÙÌɯƘƔȭɯ3ÏÐÚɯŗÎÜÙÌɯÈÓÚÖɯ

ÓÐÚÛÚɯÛÏÌɯ6ÈÛÌÙɯ8ÌÈÙɯ'àËÙÖÓÖÎÐÊɯ"ÓÈÚÚÐŗÊÈÛÐÖÕɯ(ÕËÐÊÌÚɯÍÖÙɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɯÈÕËɯ2ÈÕɯ

)ÖÈØÜÐÕɯÛÏÈÛɯÞÌÙÌɯÈÚÚÐÎÕÌËɯÍÖÙɯÌÈÊÏɯàÌÈÙɯȹ#61ɯƖƔƕƛȺȭɯ6ÌɯÕÖÛÌËɯÚÖÔÌɯËÐÚÊÙÌ×ÈÕÊÐÌÚɯ

ÉÌÛÞÌÌÕɯÛÏÌɯŘÖÞɯËÈÛÈɯÈÕËɯ#61ɀÚɯÊÓÈÚÚÐŗÊÈÛÐÖÕÚȭɯ%ÖÙɯÌßÈÔ×ÓÌȮɯ68ƖƔƔƘɯÞÈÚɯÊÓÈÚÚÐŗÌËɯ

ÈÚɯɁÉÌÓÖÞɯÕÖÙÔÈÓɂɯÈÕËɯɁËÙàɂɯÉÜÛɯÛÏÌɯÝÖÓÜÔÌɯÖÍɯ#ÌÓÛÈɯÐÕŘÖÞɯÞÈÚɯÛÏÌɯÚÈÔÌɯÈÚɯÐÕɯ

68ƖƔƔƗȮɯÞÏÐÊÏɯÞÈÚɯÊÓÈÚÚÐŗÌËɯÈÚɯɁÈÉÖÝÌɯÕÖÙÔÈÓɂɯÈÕËɯɁÉÌÓÖÞɯÕÖÙÔÈÓɂȭɯ3ÏÌɯÙÌÈÚÖÕɯÍÖÙɯ

ÛÏÌɯËÐÚÊÙÌ×ÈÕÊÐÌÚɯÐÚɯÛÏÈÛɯÛÏÌɯÊÓÈÚÚÐŗÊÈÛÐÖÕɯÐÕËÐÊÌÚɯÈÙÌɯÈÚÚÐÎÕÌËɯÈÚÚÜÔÐÕÎɯÜÕÐÔ×ÈÐÙÌËɯ

ŘÖÞȮɯÞÏÌÙÌÈÚɯÛÏÌɯÐÕŘÖÞÚɯÐÕÊÓÜËÌɯËÐÚÊÏÈÙÎÌÚɯÍÙÖÔɯÞÈÛÌÙɯÔÈÕÈÎÌÔÌÕÛɯÖ×ÌÙÈÛÐÖÕÚȭɯ6Ìɯ

ÜÚÌËɯÛÏÌɯÏàËÙÖÓÖÎÐÊɯÊÓÈÚÚÐŗÊÈÛÐÖÕɯÐÕËÐÊÌÚɯÛÖɯËÌÛÌÙÔÐÕÌɯɁÞÌÛɂɯÈÕËɯɁËÙàɂɯàÌÈÙÚȭɯ3ÏÌɯàÌÈÙÚɯ

ÊÓÈÚÚÐŗÌËɯÈÚɯɁÞÌÛɂɯÖÙɯɁÈÉÖÝÌɯÕÖÙÔÈÓɂɯÈÙÌɯ68ɯƖƔƔƗȮɯƖƔƔƙɬƔƚȮɯƖƔƕƔɬƕƕɯȹÕɯǻɯƙȺȭɯ3ÏÌɯàÌÈÙÚɯ

ÊÓÈÚÚÐŗÌËɯÈÚɯɁÉÌÓÖÞɯÕÖÙÔÈÓɂȮɯɁËÙàȮɂɯÈÕËɯɁÊÙÐÛÐÊÈÓɂɯÈÙÌɯƖƔƔƕɬƔƖȮɯƖƔƔƘȮɯƖƔƔƛɬƔƝȮɯƖƔƕƖɬƕƚɯ

ȹÕɯǻɯƕƕȺȭɯ68ɯƖƔƔƗɯÈÕËɯ68ɯƖƔƕƔɯÞÌÙÌɯÊÓÈÚÚÐŗÌËɯÈÚɯÉÖÛÏɯɁÈÉÖÝÌɯÕÖÙÔÈÓɂɯÈÕËɯɁÉÌÓÖÞɯ

ÕÖÙÔÈÓɂɯËÌ×ÌÕËÐÕÎɯÛÏÌɯÙÐÝÌÙɯÐÕŘÖÞȭɯ3ÏÌÚÌɯàÌÈÙÚɯÞÌÙÌɯÉÖÛÏɯÈÚÚÜÔÌËɯÛÖɯÉÌɯ×ÈÙÛɯÖÍɯÛÏÌɯ

ɁÞÌÛɯàÌÈÙɂɯÊÈÛÌÎÖÙàȭɯ3ÏÌɯÈÚÚÜÔ×ÛÐÖÕÚɯÛÏÈÛɯÓÌÈËɯÛÖɯÛÏÌÚÌɯÎÙÖÜ×ÐÕÎÚɯÊÖÜÓËɯÉÌɯÙÌÝÐÚÌËɯÍÖÙɯ

ÍÜÛÜÙÌɯÈÕÈÓàÚÌÚȭ 

3ÏÌɯÔÈÑÖÙɯÚÛÈÛÐÚÛÐÊÈÓÓàɯÚÐÎÕÐŗÊÈÕÛɯËÐřÌÙÌÕÊÌÚɯÐÕɯÕÜÛÙÐÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÉÌÛÞÌÌÕɯÙÌÊÌÕÛɯ

ÞÌÛɯÈÕËɯËÙàɯàÌÈÙÚɯÈÙÌɯÏÐÎÏÓÐÎÏÛÌËɯÐÕɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯÚÌÊÛÐÖÕÚȭ 

-ÐÛÙÖÎÌÕɯÈÕËɯ/ÏÖÚ×ÏÖÙÜÚ 

¶ 'ÐÎÏÌÙɯÕÐÛÙÖÎÌÕɯÈÕËɯËÐÚÚÖÓÝÌËɯÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÐÕɯ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯÞÈÛÌÙɯ

ËÜÙÐÕÎɯËÙàɯàÌÈÙÚȭɯ"ÖÕÊÌÕÛÙÈÛÐÖÕÚɯÖÍɯ-.ƿȮɯ#(-ȮɯÈÕËɯ3-ɯÞÌÙÌɯÏÐÎÏÌÙɯÐÕɯÛÏÌɯÚ×ÙÐÕÎɯ



 

ƖƖ 

ÈÕËɯÚÜÔÔÌÙɯÐÕɯËÙàɯàÌÈÙÚɯÈÛɯÚÛÈÛÐÖÕÚɯÍÙÖÔɯ"Ɨɯȹ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯÈÛɯ'ÖÖËȺɯËÖÞÕɯ

ÛÖɯ2ÜÐÚÜÕɯ!Èàɯȹ%ÐÎÜÙÌɯƗƘȺȭɯ 

¶ "ÖÕÊÌÕÛÙÈÛÐÖÕÚɯÖÍɯËÐÚÚÖÓÝÌËɯÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯÞÌÙÌɯÈÓÚÖɯÏÐÎÏÌÙɯÐÕɯËÙàɯàÌÈÙÚɯÈÛɯÛÏÌɯ

2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯÈÕËɯ2ÜÐÚÜÕɯÚÛÈÛÐÖÕÚɯȹ%ÐÎÜÙÌɯƗƛȺȭɯ#ÐÚÚÖÓÝÌËɯÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÞÌÙÌɯÏÐÎÏÌÙɯÐÕɯËÙàɯàÌÈÙÚɯÐÕɯÛÏÌɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈɯÈÓÚÖɯÉÜÛɯÛÏÌɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÐÕɯÛÏÐÚɯÙÌÎÐÖÕɯÞÌÙÌɯÝÌÙàɯÓÖÞɯÐÕɯÉÖÛÏɯÛà×ÌÚɯÖÍɯàÌÈÙÚɯÚÖɯÛÏÐÚɯ

ËÐřÌÙÌÕÊÌɯÔÈàɯÕÖÛɯÉÌɯÔÌÈÕÐÕÎÍÜÓȭɯ 

"ÏÓÖÙÖ×ÏàÓÓɪÈ 

¶ $řÌÊÛɯÖÍɯÞÈÛÌÙɯàÌÈÙɯÛà×ÌɯÝÈÙÐÌËɯÉàɯÙÌÎÐÖÕȭɯ(Õɯ2ÜÐÚÜÕɯ!ÈàȮɯÚÜÔÔÌÙɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯËÌÊÙÌÈÚÌËɯÐÕɯËÙàɯàÌÈÙÚɯȹÚÛÈÛÐÖÕÚɯ#ƚȮɯ#ƛȮɯ#ƜȮɯ%ÐÎÜÙÌɯƗƛȺȭɯ

"ÖÕÝÌÙÚÌÓàȮɯÛÏÌÙÌɯÞÌÙÌɯÐÕÊÙÌÈÚÌËɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÛɯ"ƕƔɯȹ2ÈÕɯ

)ÖÈØÜÐÕɯ1ÐÝÌÙɯÈÛɯ5ÌÙÕÈÓÐÚȮɯ%ÐÎÜÙÌɯƗƝȺɯÐÕɯËÙàɯàÌÈÙÚɯÐÕɯÛÏÌɯÚ×ÙÐÕÎɯÈÕËɯÚÜÔÔÌÙȭɯ3ÏÌɯ

ÖÛÏÌÙɯÚÛÈÛÐÚÛÐÊÈÓÓàɯÚÐÎÕÐŗÊÈÕÛɯÊÏÈÕÎÌÚɯÞÌÙÌɯÚ×ÖÙÈËÐÊɯÈÕËɯÚÔÈÓÓɯÐÕɯÔÈÎÕÐÛÜËÌȭɯ 

#ÐÚÚÖÓÝÌËɯ.ßàÎÌÕ 

¶ +ÖÞÌÙɯËÐÚÚÖÓÝÌËɯÖßàÎÌÕɯÐÕɯ2ÜÐÚÜÕɯ!ÈàɯËÜÙÐÕÎɯÚ×ÙÐÕÎɤÚÜÔÔÌÙɯÐÕɯËÙàɯàÌÈÙÚȭɯ ÛɯÚÛÈÛÐÖÕÚɯ

#ƚɯÈÕËɯ#ƛɯÐÕɯ2ÜÐÚÜÕɯ!ÈàȮɯÛÏÌÙÌɯÞÌÙÌɯÚÛÈÛÐÚÛÐÊÈÓÓàɯÚÐÎÕÐŗÊÈÕÛɯËÌÊÙÌÈÚÌÚɯÐÕɯ

ËÐÚÚÖÓÝÌËɯÖßàÎÌÕȮɯÛà×ÐÊÈÓÓàɯÉÌÛÞÌÌÕɯ ×ÙÐÓɯÈÕËɯ)ÜÕÌɯȹ%ÐÎÜÙÌɯƗƛȺȭɯ3ÏÌɯÔÈÎÕÐÛÜËÌÚɯ

ÖÍɯÛÏÌɯËÌÊÙÌÈÚÌÚɯÞÌÙÌɯÓÌÚÚɯÛÏÈÕɯƔȭƙɯÔÎɤ+ȭ 

-ÜÛÙÐÌÕÛɯ1ÈÛÐÖÚ 

¶ 3ÏÌɯ#(-ȯ3-ɯÙÈÛÐÖɯÞÈÚɯÏÐÎÏÌÙɯËÜÙÐÕÎɯËÙàɯàÌÈÙÚɯÈÛɯƚɯÖÍɯÛÏÌɯƕƕɯÚÛÈÛÐÖÕÚɯÐÕɯÛÏÌɯ

Ú×ÙÐÕÎɯÈÕËɯÈÛɯÖÕÌɯÚÛÈÛÐÖÕɯÐÕɯÛÏÌɯÚÜÔÔÌÙɯȹ%ÐÎÜÙÌɯƘƕȺȭɯ3ÏÌɯÚÈÔÌɯ×ÈŲÌÙÕɯÞÈÚɯÚÌÌÕɯ

ÍÖÙɯÛÏÌɯ/.Ƙɪ3/ɯÙÈÛÐÖɯÛÖɯÈɯÓÌÚÚÌÙɯÌßÛÌÕÛȯɯÛÏÌɯ/.Ƙȯ3/ɯÙÈÛÐÖɯÞÈÚɯÏÐÎÏÌÙɯÐÕɯËÙàɯàÌÈÙÚɯÈÛɯ

ƕɯÚÛÈÛÐÖÕɯÐÕɯÛÏÌɯÚ×ÙÐÕÎɯÈÕËɯÚÜÔÔÌÙȮɯÈÕËɯÈÛɯƖɯÚÛÈÛÐÖÕÚɯÐÕɯÛÏÌɯÍÈÓÓɯȹ%ÐÎÜÙÌɯƘƖȺȭɯ3ÏÌÙÌɯ

ÞÌÙÌɯÚÛÈÛÐÚÛÐÊÈÓÓàɯÚÐÎÕÐŗÊÈÕÛɯËÐřÌÙÌÕÊÌÚɯÐÕɯÛÏÌɯ3-ȯ3/ɯÔÖÓÈÙɯÙÈÛÐÖȮɯ×ÙÐÔÈÙÐÓàɯÐÕɯÛÏÌɯ

2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙȮɯÉÜÛɯÛÏÌɯËÐÙÌÊÛÐÖÕɯÖÍɯÛÏÌɯÊÏÈÕÎÌɯÞÈÚɯÐÕÊÖÕÚÐÚÛÌÕÛɯÉÌÛÞÌÌÕɯÛÏÌɯ

ÞÌÛɯÈÕËɯËÙàɯàÌÈÙÚɯȹ%ÐÎÜÙÌɯƘƗȺȭɯ 

 

  



 

ƖƗ 

#ÐÚÊÜÚÚÐÖÕ 

3ÏÌɯÈÕÈÓàÚÐÚɯÊÖÕËÜÊÛÌËɯÏÌÙÌɯÊÖÕŗÙÔÚɯÛÏÈÛɯÕÜÛÙÐÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯȹÍÖÙɯÉÖÛÏɯÕÐÛÙÖÎÌÕɯ

ÈÕËɯ×ÏÖÚ×ÏÖÙÜÚȺɯÛÌÕËɯÛÖɯÉÌɯÏÐÎÏÌÙɯËÜÙÐÕÎɯËÙàɯàÌÈÙÚȮɯ×ÈÙÛÐÊÜÓÈÙÓàɯËÜÙÐÕÎɯÛÏÌɯÚ×ÙÐÕÎɯÈÕËɯ

ÚÜÔÔÌÙȭɯ3ÏÌɯÓÈÙÎÌÚÛɯËÐřÌÙÌÕÊÌÚɯÉÌÛÞÌÌÕɯËÙàɯàÌÈÙÚɯÈÕËɯÞÌÛɯàÌÈÙÚɯÞÌÙÌɯÖÉÚÌÙÝÌËɯÈÛɯ

ÚÛÈÛÐÖÕÚɯÈÓÖÕÎɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯËÖÞÕÚÛÙÌÈÔɯÖÍɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɯ1ÌÎÐÖÕÈÓɯ

6ÈÚÛÌÞÈÛÌÙɯ3ÙÌÈÛÔÌÕÛɯ/ÓÈÕÛȮɯÈɯÓÈÙÎÌɯ×ÖÐÕÛɯÚÖÜÙÊÌȭɯ3ÏÌɯËÐřÌÙÌÕÊÌÚɯÉÌÛÞÌÌÕɯÞÌÛɯàÌÈÙÚɯ

ÈÕËɯËÙàɯàÌÈÙÚɯ×ÌÙÚÐÚÛÚɯËÖÞÕÚÛÙÌÈÔɯÈÚɯÍÈÙɯÈÚɯ2ÜÐÚÜÕɯ!Èàȭ 

 ÔÉÐÌÕÛɯÕÜÛÙÐÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÛÌÕËɯÛÖɯÉÌɯƗƔǔɯÛÖɯƘƔǔɯÓÖÞÌÙɯËÜÙÐÕÎɯÞÌÛɯàÌÈÙÚɯ

ÊÖÔ×ÈÙÌËɯÛÖɯËÙàɯàÌÈÙÚȭɯ&ÙÌÈÛÌÙɯËÐÓÜÛÐÖÕɯÉàɯÍÙÌÚÏÞÈÛÌÙɯÐÕŘÖÞÚɯËÜÙÐÕÎɯÞÌÛɯàÌÈÙÚɯÐÚɯÖÕÌɯ

ÍÈÊÛÖÙɯÛÏÈÛɯÔÐÎÏÛɯÌß×ÓÈÐÕɯÛÏÐÚɯÖÉÚÌÙÝÈÛÐÖÕȭɯ%ÖÙɯÌßÈÔ×ÓÌȮɯÛÏÌɯÈÝÌÙÈÎÌɯÊÖÕÊÌÕÛÙÈÛÐÖÕɯ

ÊÏÈÕÎÌÚɯÉÌÛÞÌÌÕɯÞÌÛɯÈÕËɯËÙàɯàÌÈÙÚɯÍÖÙɯÛÖÛÈÓɯÕÐÛÙÖÎÌÕɯÈÕËɯÛÖÛÈÓɯ×ÏÖÚ×ÏÖÙÜÚɯÐÕɯÛÏÌɯ

2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯÞÌÙÌɯƗƕǔɯÛÖɯƗƘǔɯȹÐÕɯ)ÈÕÜÈÙàɯÛÏÙÖÜÎÏɯ)ÜÕÌȺȭɯ3ÏÌɯÈÝÌÙÈÎÌɯÊÏÈÕÎÌɯÐÕɯ

ÐÕŘÖÞÚɯÛÖɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯÍÖÙɯÛÏÌÚÌɯÚÈÔÌɯàÌÈÙÚɯÞÈÚɯƚƖǔȭɯ3ÏÐÚɯŗÕËÐÕÎɯÊÖÕŗÙÔÚɯ

ÛÏÌɯÕÌÌËɯÛÖɯÊÖÕÛÙÖÓɯÍÖÙɯÐÕŘÖÞÚɯÈÕËɯ×ÖÚÚÐÉÓàɯÖÛÏÌÙɯÊÓÐÔÈÛÌɯÝÈÙÐÈÉÓÌÚɯÞÏÌÕɯÌÝÈÓÜÈÛÐÕÎɯÛÏÌɯ

ÐÔ×ÈÊÛɯÖÍɯÔÈÕÈÎÌÔÌÕÛɯÈÊÛÐÖÕÚɯÖÕɯÕÜÛÙÐÌÕÛÚȭɯ(ÛɯÈÓÚÖɯÙÈÐÚÌÚɯÈÕÖÛÏÌÙɯØÜÌÚÛÐÖÕɯÈÉÖÜÛɯÞÏàɯ

ÛÏÌɯÈÔÉÐÌÕÛɯÕÜÛÙÐÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯËÖɯÕÖɯÚÊÈÓÌɯËÐÙÌÊÛÓàɯÞÐÛÏɯÊÏÈÕÎÌÚɯÐÕɯÐÕŘÖÞÚȭɯ3ÏÌɯ

ËÐřÌÙÌÕÊÌɯÐÚɯÓÐÒÌÓàɯÉÌÊÈÜÚÌɯÖÛÏÌÙɯÐÔ×ÖÙÛÈÕÛɯÍÈÊÛÖÙÚɯÈÕËɯÊÖÕÍÖÜÕËÐÕÎɯÝÈÙÐÈÉÓÌÚɯÞÌÙÌɯÕÖÛɯ

×ÈÙÛɯÖÍɯÛÏÐÚɯÚÐÔ×ÓÐÚÛÐÊɯÈÕÈÓàÚÐÚȭɯ.ÛÏÌÙɯÍÈÊÛÖÙÚɯÛÏÈÛɯÚÏÖÜÓËɯÉÌɯÌß×ÓÖÙÌËɯÈÙÌɯÊÏÈÕÎÌÚɯÐÕɯ

ÕÖÕɪ×ÖÐÕÛɯÚÖÜÙÊÌɯÓÖÈËÐÕÎɯÍÙÖÔɯÙÜÕÖřȮɯ×ÙÐÔÈÙàɯ×ÙÖËÜÊÛÐÝÐÛàɯÐÕɯŘÖÖËÌËɯÈÙÌÈÚɯËÜÙÐÕÎɯÞÌÛɯ

àÌÈÙÚȮɯÈÕËɯÊÏÈÕÎÌÚɯÐÕɯÕÜÛÙÐÌÕÛɯ×ÙÖÊÌÚÚÐÕÎɯÐÕɯÛÏÌɯ#ÌÓÛÈɯÉÌÛÞÌÌÕɯÞÌÛɯÈÕËɯËÙàɯàÌÈÙÚȭ 

(ÕɯÊÖÕÛÙÈÚÛɯÛÖɯÛÏÌɯ×ÈŲÌÙÕÚɯÐÕɯÕÜÛÙÐÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚȮɯÛÏÌɯÊÏÈÕÎÌÚɯÐÕɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯÈÕËɯ

ËÐÚÚÖÓÝÌËɯÖßàÎÌÕɯÉÌÛÞÌÌÕɯÞÌÛɯÈÕËɯËÙàɯàÌÈÙÚɯÈÙÌɯÕÖÛɯÊÖÕÚÐÚÛÌÕÛɯÞÐÛÏɯËÐÓÜÛÐÖÕɯÈÚɯÈɯÔÈÑÖÙɯ

ÍÈÊÛÖÙɯÊÖÕÛÙÖÓÓÐÕÎɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚȭɯ'ÐÎÏÌÙɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÞÖÜÓËɯÉÌɯ

Ìß×ÌÊÛÌËɯÐÕɯËÙàɯàÌÈÙÚɯËÜÌɯÛÖɯÐÕÊÙÌÈÚÌËɯÕÜÛÙÐÌÕÛÚȮɯÓÖÕÎÌÙɯÙÌÚÐËÌÕÊÌɯÛÐÔÌȮɯÈÕËɯ×ÙÌÚÜÔÈÉÓàɯ

ÊÓÌÈÙÌÙɯÞÈÛÌÙȭɯ'ÖÞÌÝÌÙȮɯÛÏÌɯÖ××ÖÚÐÛÌɯ×ÈŲÌÙÕɯÖÊÊÜÙÙÌËɯÐÕɯ2ÜÐÚÜÕɯ!Èàȭɯ(Õɯ2ÜÐÚÜÕɯ!ÈàȮɯ

ÊÓÈÔɯÎÙÈáÐÕÎɯÐÚɯÈÕɯÐÔ×ÖÙÛÈÕÛɯÊÖÕÚÜÔÌÙɯÖÍɯÉÐÖÔÈÚÚȭɯ(ÕɯÞÌÛɯàÌÈÙÚɯÞÐÛÏɯÏÐÎÏÌÙɯŘÖÞÚɯÈÕËɯ

ÚÏÖÙÛÌÙɯÙÌÚÐËÌÕÊÌɯÛÐÔÌÚȮɯÛÏÌɯÐÔ×ÈÊÛɯÖÍɯÎÙÈáÐÕÎɯÊÖÜÓËɯÉÌɯÙÌËÜÊÌËȭɯ ÓÚÖȮɯÖÝÌÙÈÓÓɯ×ÙÐÔÈÙàɯ

×ÙÖËÜÊÛÐÝÐÛàɯÐÕɯÛÏÌɯÚàÚÛÌÔɯÔÐÎÏÛɯÉÌɯÏÐÎÏÌÙɯËÜÙÐÕÎɯÞÌÛɯàÌÈÙÚɯÞÏÌÕɯÍÙÐÕÎÐÕÎɯÞÌÛÓÈÕËÚɯ

ÈÙÌɯŘÖÖËÌËȭɯ3ÏÌɯÖÕÓàɯÚÛÈÛÐÖÕɯÞÏÌÙÌɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÛÌÕËÌËɯÛÖɯÉÌɯÏÐÎÏÌÙɯ

ËÜÙÐÕÎɯËÙàɯàÌÈÙÚɯÞÈÚɯ"ƕƔɯȹ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯÈÛɯ5ÌÙÕÈÓÐÚȺȮɯÞÏÐÊÏɯÊÖÜÓËɯÉÌɯËÜÌɯÛÖɯÉÓÖÖÔÚɯ

Ü×ÚÛÙÌÈÔɯÐÕɯÛÏÌɯÞÈÛÌÙÚÏÌËɯÉÌÐÕÎɯÊÈÙÙÐÌËɯËÖÞÕÚÛÙÌÈÔȭɯ3ÏÌÙÌɯÈÙÌɯÔÈÕàɯÐÔ×ÖÙÛÈÕÛɯ

ÊÖÕÍÖÜÕËÐÕÎɯÝÈÙÐÈÉÓÌÚɯÛÏÈÛɯÐÕŘÜÌÕÊÌɯÛÏÌɯÓÐÕÒÈÎÌɯÉÌÛÞÌÌÕɯÕÜÛÙÐÌÕÛÚɯÈÕËɯ×ÏàÛÖ×ÓÈÕÒÛÖÕɯ

ÈÕËɯËÐÚÚÖÓÝÌËɯÖßàÎÌÕɯȹÌȭÎȭȮɯÛÌÔ×ÌÙÈÛÜÙÌȮɯÛÜÙÉÐËÐÛàȮɯÎÙÈáÐÕÎȮɯÞÈÛÌÙɯËÌ×ÛÏȮɯÚÈÓÐÕÐÛàȮɯÌÛÊȭȺȭɯ

(ÛɯÐÚɯÉÌàÖÕËɯÛÏÌɯÚÊÖ×ÌɯÖÍɯÛÏÐÚɯÙÌ×ÖÙÛɯÈÕËɯÛÏÌÙÌɯÐÚɯÕÖÛɯÌÕÖÜÎÏɯÐÕÍÖÙÔÈÛÐÖÕɯÐÕɯÛÏÐÚɯËÈÛÈÚÌÛɯ

ÛÖɯÊÖÕÛÙÖÓɯÍÖÙɯÛÏÌÚÌɯÝÈÙÐÈÉÓÌÚɯÛÖɯÙÌÚÖÓÝÌɯÛÏÐÚɯØÜÌÚÛÐÖÕȭɯ 

%ÖÙɯÛÏÐÚɯÙÌ×ÖÙÛȮɯÞÌɯÏÈÝÌɯÜÚÌËɯÛÏÌɯÔÖÚÛɯÙÌÊÌÕÛɯƕƚɪàÌÈÙɯ×ÌÙÐÖËɯÛÖɯÈÚÚÌÚÚɯɁÙÌÊÌÕÛɂɯÛÙÌÕËÚȭɯ

3ÏÌɯÙÈÛÐÖÕÈÓÌɯÞÈÚɯÛÏÈÛɯÛÙÌÕËÚɯÖÝÌÙɯÓÖÕÎÌÙɯ×ÌÙÐÖËÚɯÞÖÜÓËɯÏÈÝÌɯÓÐŲÓÌɯÙÌÓÌÝÈÕÊÌɯÛÖɯÖÕÎÖÐÕÎɯ

ÔÈÕÈÎÌÔÌÕÛɯÈÊÛÐÖÕÚɯÈÕËɯÛÏÈÛɯÚÏÖÙÛÌÙɯ×ÌÙÐÖËÚɯÊÖÜÓËɯÉÌɯÈřÌÊÛÌËɯÉàɯÊÓÐÔÈÛÐÊɯÝÈÙÐÈÉÐÓÐÛàɯ
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ÈÕËɯÞÖÜÓËɯÕÖÛɯÏÈÝÌɯÚÜŚÊÐÌÕÛɯÚÛÈÛÐÚÛÐÊÈÓɯ×ÖÞÌÙȭɯ&ÖÐÕÎɯÍÖÙÞÈÙËȮɯÛÏÌÙÌɯÚÏÖÜÓËɯÉÌɯ

ÈÎÙÌÌÔÌÕÛɯÖÕɯÛÏÐÚɯÈÚÚÜÔ×ÛÐÖÕɯÉÌÊÈÜÚÌɯÐÛɯÐÚɯÈÕɯÐÔ×ÖÙÛÈÕÛɯÍÈÊÛÖÙȭɯ-ÌÞÌÙɯÚÛÈÛÐÚÛÐÊÈÓɯ

ÔÌÛÏÖËÚɯÛÏÈÛɯÜÚÌɯÓÖÊÈÓɯÞÌÐÎÏÛÐÕÎɯÖÍɯ×ÖÐÕÛÚɯÊÖÜÓËɯÉÌɯÈÕɯÈÓÛÌÙÕÈÛÐÝÌɯÚÖÓÜÛÐÖÕȭɯ3ÏÌÙÌɯÈÙÌɯ

ÚÌÝÌÙÈÓɯÕÌÞÌÙɯÛÌÊÏÕÐØÜÌÚɯÛÏÈÛɯÊÖÜÓËɯÉÌɯÌÔ×ÓÖàÌËȮɯÚÜÊÏɯÈÚɯ&ÌÕÌÙÈÓɯ ËËÐÛÐÝÌɯ,ÖËÌÓÚɯ

ȹ& ,ÚȺɯÈÕËɯ6ÌÐÎÏÛÌËɯ1ÌÎÙÌÚÚÐÖÕɯÖÕɯ3ÐÔÌȮɯ#ÐÚÊÏÈÙÎÌȮɯÈÕËɯ2ÌÈÚÖÕɯȹ613#2Ⱥȭɯ3ÏÌÚÌɯ

ÕÌÞÌÙɯÔÌÛÏÖËÚɯÞÖÜÓËɯÈÓÓÖÞɯÍÖÙɯÔÖÙÌɯÊÖÝÈÙÐÈÛÌÚɯÈÕËɯÍÈÊÛÖÙÚɯÛÖɯÉÌɯÌß×ÓÐÊÐÛÓàɯÔÖËÌÓÌËȮɯ

ÞÏÐÊÏɯÞÖÜÓËɯ×ÙÖÝÐËÌɯÎÙÌÈÛÌÙɯÐÕÚÐÎÏÛɯÐÕÛÖɯÊÈÜÚÈÛÐÖÕȭ 
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%ÐÎÜÙÌÚɯƘƘɯÛÖɯƙƕɯÚÏÖÞɯÛÏÌɯÔÌËÐÈÕɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÍÙÖÔɯ68ƖƔƕƚɯÊÖÔ×ÈÙÌËɯÛÖɯÛÏÌɯ

68ƖƔƔƕɪ68ƖƔƕƚɯËÈÛÈÚÌÛȭɯ2ÛÈÛÐÚÛÐÊÈÓÓàɯÚÐÎÕÐŗÊÈÕÛɯÛÙÌÕËÚɯÍÖÙɯÛÏÌɯÓÈÚÛɯƕƚɪàÌÈÙÚɯÖÍɯËÈÛÈɯÈÙÌɯ

ÈÓÚÖɯÐÕËÐÊÈÛÌËɯÖÕɯÛÏÌɯÎÙÈ×Ïȭɯ3ÏÌɯ×ÜÙ×ÖÚÌɯÖÍɯÛÏÌÚÌɯÉÖß×ÓÖÛÚɯÐÚɯÛÖɯ×ÙÖÝÐËÌɯÈÕɯɁÈÛɯÈɯÎÓÈÕÊÌɂɯ

ÖÝÌÙÝÐÌÞɯÖÍɯÕÜÛÙÐÌÕÛɯÚÛÈÛÜÚɯÈÕËɯÛÙÌÕËÚɯÐÕɯÛÏÌɯ#ÌÓÛÈȭɯ,ÖÚÛɯÖÍɯÛÏÌɯ68ƖƔƕƚɯËÈÛÈɯÞÌÙÌɯ

ÞÐÛÏÐÕɯÛÏÌɯÈÝÌÙÈÎÌɯÙÈÕÎÌɯÖÍɯÝÈÓÜÌÚɯÍÖÙɯÛÏÌɯÌÕÛÐÙÌɯƕƚɪàÌÈÙɯ×ÌÙÐÖËɯÍÙÖÔɯƖƔƔƕɬƖƔƕƚȮɯÞÐÛÏɯ

ÛÏÌÚÌɯÕÖÛÈÉÓÌɯÌßÊÌ×ÛÐÖÕÚȯɯ 

/ÏÖÚ×ÏÖÙÜÚɯ 

¶  ÉÖÝÌɯÈÝÌÙÈÎÌɯËÐÚÚÖÓÝÌËɯÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯÈÛɯÈÓÓɯÚÛÈÛÐÖÕÚɯÐÕɯÛÏÌɯÙÌÎÐÖÕȭɯ3ÏÌɯ68ƖƔƕƚɯ

ÔÌËÐÈÕɯËÐÚÚÖÓÝÌËɯÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯȹÙÈÕÎÐÕÎɯÍÙÖÔɯƔȭƔƚƜɯÛÖɯƔȭƖƗɯ

ÔÎɤ+ȺɯÞÌÙÌɯÏÐÎÏÌÙɯÛÏÈÕɯÛÏÌɯƕƚɪàÌÈÙɯÔÌËÐÈÕÚɯÈÛɯÈÓÓɯÚÛÈÛÐÖÕÚɯÈÕËɯÈÉÖÝÌɯÛÏÌɯ

ÐÕÛÌÙØÜÈÙÛÐÓÌɯÙÈÕÎÌɯȹÌßÊÌÌËÐÕÎɯÛÏÌɯƛƙÛÏɯ×ÌÙÊÌÕÛÐÓÌɯÊÖÕÊÌÕÛÙÈÛÐÖÕȺɯÈÛɯÔÖÚÛɯÚÛÈÛÐÖÕÚȭɯ 

"ÏÓÖÙÖ×ÏàÓÓɪÈɯ 

¶  ÉÖÝÌɯÈÝÌÙÈÎÌɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯÐÕɯÛÏÌɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈɯÈÕËɯÛÏÌɯ"ÖÕŘÜÌÕÊÌȭɯ,ÌËÐÈÕɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÛɯÈÓÓɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈɯÚÛÈÛÐÖÕÚɯÈÕËɯÈÛɯÛÏÌɯ"ÖÕŘÜÌÕÊÌɯÚÛÈÛÐÖÕɯȹ#ƘȺɯ

ÞÌÙÌɯÏÐÎÏÌÙɯÛÏÈÕɯÛÏÌɯƕƚɪàÙɯÔÌËÐÈÕÚȭɯ3ÏÌɯÔÌËÐÈÕɯÊÖÕÊÌÕÛÙÈÛÐÖÕɯÐÕɯÛÏÌɯ2ÈÕɯ

)ÖÈØÜÐÕɯ1ÐÝÌÙɯÈÛɯ/ÖÛÈÛÖɯ/ÖÐÕÛɯÞÈÚɯÈÉÖÝÌɯÛÏÌɯƕƚɪàÌÈÙɯƛƙÛÏɯ×ÌÙÊÌÕÛÐÓÌɯÍÖÙɯÛÏÐÚɯÚÛÈÛÐÖÕɯ

ȹÔÌËÐÈÕɯÖÍɯƖȭƝɯϟÎɤ+ɯÊÖÔ×ÈÙÌËɯÛÖɯƛƙÛÏɯ×ÌÙÊÌÕÛÐÓÌɯÊÖÕÊÌÕÛÙÈÛÐÖÕɯÖÍɯƖȭƚɯϟÎɤ+Ⱥȭɯ3ÏÌɯ

ÔÌËÐÈÕɯÝÈÓÜÌÚɯÐÕɯ68ɯƖƔƕƚɯÞÌÙÌɯÓÐÒÌÓàɯÙÈÐÚÌËɯÜ×ɯÉàɯÈɯÓÈÙÎÌɯËÐÈÛÖÔɯÉÓÖÖÔɯÐÕɯÛÏÌɯ

Ú×ÙÐÕÎɯÖÍɯƖƔƕƚɯÌßÛÌÕËÐÕÎɯÍÙÖÔɯÛÏÌɯ"ÈÊÏÌɯ2ÓÖÜÎÏɯÊÖÔ×ÓÌßɯÛÖɯ2ÜÐÚÜÕɯ!ÈàȮɯÈÕËɯÜ×ɯ

ÛÏÌɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯ×ÈÚÛɯ/ÙÐÚÖÕÌÙɀÚɯ/ÖÐÕÛɯȹ!ÌÙÎÈÔÈÚÊÏÐɯƖƔƕƚȺȭ 

-ÐÛÙÖÎÌÕ 

¶ !ÌÓÖÞɯÈÝÌÙÈÎÌɯÕÐÛÙÈÛÌɯÈÕËɯËÐÚÚÖÓÝÌËɯÐÕÖÙÎÈÕÐÊɯÕÐÛÙÖÎÌÕɯÐÕɯÛÏÌɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙȭɯ3ÏÌɯ

68ƖƔƕƚɯÔÌËÐÈÕɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÍÖÙɯÕÐÛÙÈÛÌɯÈÕËɯËÐÚÚÖÓÝÌËɯÐÕÖÙÎÈÕÐÊɯÕÐÛÙÖÎÌÕɯ

ȹ-.ƿ ǻ ƔȭƚƕɯÔÎɤ+Ȯɯ#(- ǻ ƔȭƚƘɯÔÎɤ+ȺɯÐÕɯÛÏÌɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯÈÛɯ5ÌÙÕÈÓÐÚɯȹ"ƕƔȺɯ

ÞÌÙÌɯÉÌÓÖÞɯÛÏÌɯƖƙÛÏɯ×ÌÙÊÌÕÛÐÓÌɯÊÖÕÊÌÕÛÙÈÛÐÖÕɯȹ-.ƿ ǻ ƔȭƜƚɯÔÎɤ+Ȯɯ#(- ǻ ƔȭƜƝɯÔÎɤ+Ⱥȭ 
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3 Summary of Recently Completed Synthesis Reports 

3ÏÌɯ×ÜÙ×ÖÚÌɯÖÍɯÛÏÐÚɯÚÌÊÛÐÖÕɯÐÚɯÛÖɯÚÜÔÔÈÙÐáÌɯÛÏÌɯÙÌÓÌÝÈÕÛɯÚÌÊÛÐÖÕÚɯÍÙÖÔɯÙÌÊÌÕÛɯÚàÕÛÏÌÚÐÚɯ

ÙÌ×ÖÙÛÚȭɯ!ÌÓÖÞɯÐÚɯÈɯÓÐÚÛɯÖÍɯÛÏÌɯÙÌ×ÖÙÛÚɯÛÏÈÛɯÈÙÌɯÊÖÝÌÙÌËȭ 

¶ "ÏÈÙÈÊÛÌÙÐáÐÕÎɯÈÕËɯØÜÈÕÛÐÍàÐÕÎɯÕÜÛÙÐÌÕÛɯÚÖÜÙÊÌÚȮɯÚÐÕÒÚɯÈÕËɯÛÙÈÕÚÍÖÙÔÈÛÐÖÕÚɯÐÕɯ

ÛÏÌɯ#ÌÓÛÈȯɯ2àÕÛÏÌÚÐÚȮɯÔÖËÌÓÐÕÎȮɯÈÕËɯÙÌÊÖÔÔÌÕËÈÛÐÖÕÚɯÍÖÙɯÔÖÕÐÛÖÙÐÕÎɯȹ-ÖÝÐÊÒɯÌÛɯ

ÈÓȭɯƖƔƕƙȺȭɯ Õɯ ØÜÈÛÐÊɯ2ÊÐÌÕÊÌɯ"ÌÕÛÌÙɯȹ 2"Ⱥɯ×ÙÖÑÌÊÛȮɯÍÜÕËÌËɯÉàɯÛÏÌɯ#Ì×ÈÙÛÔÌÕÛɯÖÍɯ

6ÈÛÌÙɯ1ÌÚÖÜÙÊÌÚȮɯÚàÕÛÏÌÚÐáÐÕÎɯ#61ɪ$,/ɯËÈÛÈɯȹƖƔƔƔɬƖƔƕƕȺȭɯ

ÏŲ×ȯɤɤÞÞÞȭÚÍÌÐȭÖÙÎɤËÖÊÜÔÌÕÛÚɤËÌÓÛÈɪÕÜÛÙÐÌÕÛɪÚÖÜÙÊÌÚɯ 

¶ 2ÜÔÔÈÙàɯÈÕËɯÌÝÈÓÜÈÛÐÖÕɯÖÍɯ#ÌÓÛÈɯÚÜÉÙÌÎÐÖÕÚɯÍÖÙɯÕÜÛÙÐÌÕÛɯÔÖÕÐÛÖÙÐÕÎɯÈÕËɯ

ÈÚÚÌÚÚÔÌÕÛɯȹ)ÈÉÜÚÊÏɯÌÛɯÈÓȭɯƖƔƕƚȺȭɯ 2"ɯ×ÙÖÑÌÊÛȮɯÍÜÕËÌËɯÉàɯ#ÌÓÛÈɯ2ÊÐÌÕÊÌɯ/ÙÖÎÙÈÔȮɯ

ÈÕÈÓàáÐÕÎɯ($/ɪ$,/ɯËÈÛÈɯȹƕƝƛƙɬƖƔƕƕȺɯÞÐÛÏɯÈɯÍÖÊÜÚɯÖÕɯÚ×ÈÛÐÈÓɯÝÈÙÐÈÉÐÓÐÛàȮɯ×ÖÛÌÕÛÐÈÓɯ

ÚÜÉÙÌÎÐÖÕÚɯÍÖÙɯÕÜÛÙÐÌÕÛɯÔÖËÌÓÐÕÎȮɯÈÕËɯÈÚÚÌÚÚÔÌÕÛȮɯÈÕËɯÓÐÔÐÛÌËɯÊÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯ

ÖÍɯÓÖÕÎɪÛÌÙÔɯÛÙÌÕËÚȭɯÏŲ×ȯɤɤÞÞÞȭÚÍÌÐȭÖÙÎɤËÖÊÜÔÌÕÛÚɤËÌÓÛÈɪÚÜÉÙÌÎÐÖÕÚÈÚÚÌÚÚÔÌÕÛ 

¶ /ÓÈÕÕÐÕÎɯÈÕËɯÖ×ÌÙÈÛÐÕÎɯÈɯÏÐÎÏɯÍÙÌØÜÌÕÊàɯÕÜÛÙÐÌÕÛɯÈÕËɯÉÐÖÎÌÖÊÏÌÔÐÚÛÙàɯ

ÔÖÕÐÛÖÙÐÕÎɯÕÌÛÞÖÙÒȯɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɪ2ÈÕɯ)ÖÈØÜÐÕɯ#ÌÓÛÈȭɯ42&2ɯÙÌ×ÖÙÛȮɯÍÜÕËÌËɯ

ÉàɯÛÏÌɯ#ÌÓÛÈɯ1,/ȮɯÚàÕÛÏÌÚÐáÐÕÎɯÏÐÎÏɪÍÙÌØÜÌÕÊàɯÚÌÕÚÖÙɯËÈÛÈȭɯȹ*ÙÈÜÚɯÌÛɯÈÓȭȮɯƖƔƕƛȰɯ

#ÖÞÕÐÕÎɯÌÛɯÈÓȭȮɯƖƔƕƛȰɯ!ÌÙÎÈÔÈÚÊÏÐɯÌÛɯÈÓȭȮɯƖƔƕƛȺȭ 
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Ɩƚ 

3.1 Characterizing and quantifying nutrient sources, sinks and 

transformations in the delta: Synthesis, modeling, and 

recommendations for monitoring 

Project Team 

 ØÜÈÛÐÊɯ2ÊÐÌÕÊÌɯ"ÌÕÛÌÙȮɯ1ÌÚÌÈÙÊÏɯ,ÈÕÈÎÌÔÌÕÛɯ ÚÚÖÊÐÈÛÌÚɯȹ1, ȺȮɯ4ȭ2ȭɯ&ÌÖÓÖÎÐÊÈÓɯ

2ÜÙÝÌàɯȹ42&2Ⱥ 

Funding 

"ÈÓÐÍÖÙÕÐÈɯ#Ì×ÈÙÛÔÌÕÛɯÖÍɯ6ÈÛÌÙɯ1ÌÚÖÜÙÊÌÚɯȹ#61Ⱥ 

Reference 

-ÖÝÐÊÒɯ$ȭȮɯ1ȭɯ'ÖÓÓÌÔÈÕȮɯ3ȭɯ)ÈÉÜÚÊÏȮɯ)ȭɯ2ÜÕȮɯ/ȭɯ3ÙÖÞÉÙÐËÎÌȮɯ#ȭɯ2ÌÕÕȮɯ,ȭɯ&ÜÌÙÐÕȮɯ"ȭɯ

*ÌÕËÈÓÓȮɯ,ȭɯ8ÖÜÕÎȮɯÈÕËɯ2ȭɯ/ÌÌÒȭɯƖƔƕƙȭɯ"ÏÈÙÈÊÛÌÙÐáÐÕÎɯÈÕËɯØÜÈÕÛÐÍàÐÕÎɯÕÜÛÙÐÌÕÛɯ

ÚÖÜÙÊÌÚȮɯÚÐÕÒÚɯÈÕËɯÛÙÈÕÚÍÖÙÔÈÛÐÖÕÚɯÐÕɯÛÏÌɯ#ÌÓÛÈȯɯ2àÕÛÏÌÚÐÚȮɯÔÖËÌÓÐÕÎȮɯÈÕËɯ

ÙÌÊÖÔÔÌÕËÈÛÐÖÕÚɯÍÖÙɯÔÖÕÐÛÖÙÐÕÎȭɯ2ÈÕɯ%ÙÈÕÊÐÚÊÖɯ$ÚÛÜÈÙàɯ(ÕÚÛÐÛÜÛÌȮɯ1ÐÊÏÔÖÕËȮɯ" ȭɯ

ÏŲ×ȯɤɤÞÞÞȭÚÍÌÐȭÖÙÎɤËÖÊÜÔÌÕÛÚɤËÌÓÛÈɪÕÜÛÙÐÌÕÛɪÚÖÜÙÊÌÚɯ 

Approach 

ƕȭ +ÖÕÎɪÛÌÙÔɯÔÖÕÐÛÖÙÐÕÎɯËÈÛÈɯÚàÕÛÏÌÚÐÚɯÈÕËɯÈÕÈÓàÚÐÚȭɯ3ÏÌɯÎÖÈÓɯÖÍɯÛÏÐÚɯÚÛÜËàɯÌÓÌÔÌÕÛÚɯ

ÞÈÚɯÛÖɯÊÏÈÙÈÊÛÌÙÐáÌɯÚÌÈÚÖÕÈÓȮɯÚ×ÈÛÐÈÓȮɯÈÕËɯÓÖÕÎɪÛÌÙÔɯÝÈÙÐÈÉÐÓÐÛàɯÐÕɯÕÜÛÙÐÌÕÛɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÕËɯ×ÙÖ×ÖÙÛÐÖÕÚȭɯ3ÏÌɯ×ÙÖÑÌÊÛɯÌÓÌÔÌÕÛɯÊÖÕÚÐÚÛÌËɯÖÍɯÛÏÌɯ

ÊÖÔ×ÐÓÈÛÐÖÕȮɯÚàÕÛÏÌÚÐÚȮɯÈÕËɯÈÕÈÓàÚÐÚɯÖÍɯÔÖÕÛÏÓàɯÔÖÕÐÛÖÙÐÕÎɯËÈÛÈɯȹƕƝƛƙɬƖƔƕƗȺɯ

ÊÖÓÓÌÊÛÌËɯÉàɯÛÏÌɯ"ÈÓÐÍÖÙÕÐÈɯ#Ì×ÈÙÛÔÌÕÛɯÖÍɯ6ÈÛÌÙɯ1ÌÚÖÜÙÊÌÚɀɯ$ÕÝÐÙÖÕÔÌÕÛÈÓɯ

,ÖÕÐÛÖÙÐÕÎɯ/ÙÖÎÙÈÔɯȹ#61ɪ$,/ȺɯÈÛɯÚÛÈÛÐÖÕÚɯÐÕɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɬ2ÈÕɯ)ÖÈØÜÐÕɯ

#ÌÓÛÈɯÈÕËɯ2ÜÐÚÜÕɯ!Èàɯȹ%ÐÎÜÙÌɯƕȮɯ3ÈÉÓÌɯƗȺȭɯ3ÏÌɯÔÈÐÕɯ-ɯÚ×ÌÊÐÌÚɯÐÕÝÌÚÛÐÎÈÛÌËɯÞÌÙÌɯ

ÈÔÔÖÕÐÜÔɯȹ-'ǀȺȮɯÕÐÛÙÈÛÌɯȹ-.ƿȺȮɯËÐÚÚÖÓÝÌËɯÐÕÖÙÎÈÕÐÊɯÕÐÛÙÖÎÌÕɯȹ#(-ȺȮɯÈÕËɯÛÖÛÈÓɯ

ÕÐÛÙÖÎÌÕɯȹ3-Ⱥȭɯ3ÏÐÚɯÚÛÜËàɯÌÓÌÔÌÕÛɯÈÓÚÖɯÐÕÊÓÜËÌËɯÈɯÔÖÙÌɯÓÐÔÐÛÌËɯÌÝÈÓÜÈÛÐÖÕɯÖÍɯ

ÛÖÛÈÓɯ×ÏÖÚ×ÏÖÙÜÚɯȹ3/ȺɯÈÕËɯËÐÚÚÖÓÝÌËɯÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯȹ/.ǀȺȭɯ#ÈÛÈɯÍÖÙɯÊÏÓÖÙÖ×ÏàÓÓɪ

ÈɯÞÌÙÌɯÎÙÈ×ÏÌËɯÈÕËɯÛÈÉÜÓÈÛÌËɯÉÜÛɯÕÖÛɯÚ×ÌÊÐŗÊÈÓÓàɯÌÝÈÓÜÈÛÌËȭɯ3ÏÌɯÉÜÓÒɯÖÍɯÛÏÌɯ

ÞÖÙÒɯÊÖÕÚÐÚÛÌËɯÖÍɯÝÐÚÜÈÓÐáÈÛÐÖÕȮɯÚÛÈÛÐÚÛÐÊÈÓɯÈÕÈÓàÚÐÚȮɯÈÕËɯÐÕÛÌÙ×ÙÌÛÈÛÐÖÕɯÖÍɯÚÌÈÚÖÕÈÓɯ

ÈÕËɯÓÖÕÎɪÛÌÙÔɯ×ÈŲÌÙÕÚɯÐÕɯÛÏÌɯËÈÛÈȭɯ2ÛÈÛÐÚÛÐÊÈÓɯÈÕÈÓàÚÌÚɯÐÕÊÓÜËÌËɯËÌÛÌÊÛÐÖÕɯÖÍɯ

ÛÙÌÕËɯÈÕËɯÈÕɯÌÝÈÓÜÈÛÐÖÕɯÖÍɯÔÈÐÕɯÍÈÊÛÖÙÚɯËÙÐÝÐÕÎɯËÈÛÈɯÝÈÙÐÈÉÐÓÐÛàȭɯ3ÖɯÔÐÕÐÔÐáÌɯÛÏÌɯ

ÐÔ×ÈÊÛɯÖÍɯÊÏÈÕÎÌÚɯÐÕɯŘÖÞɯÖÕɯÛÙÌÕËɯËÌÛÌÊÛÐÖÕȮɯÛÏÌɯÛÙÌÕËɯÈÕÈÓàÚÌÚɯÞÌÙÌɯ×ÌÙÍÖÙÔÌËɯ

ÈÍÛÌÙɯÈËÑÜÚÛÐÕÎɯÛÏÌɯËÈÛÈɯÍÖÙɯÛÖÛÈÓɯ#ÌÓÛÈɯÐÕŘÖÞȭɯ3ÏÌɯ,ÈÕÕɪ*ÌÕËÈÓÓɯ3ÌÚÛɯÞÈÚɯÜÚÌËɯ

ÛÖɯËÌÛÌÊÛɯÚÌÈÚÖÕÈÓɯÛÙÌÕËÚɯÈÕËɯÛÏÌɯ2ÌÈÚÖÕÈÓɯ*ÌÕËÈÓÓɯ3ÌÚÛɯÛÖɯËÌÛÌÊÛɯÓÖÕÎɪÛÌÙÔɯ

ÛÙÌÕËÚȭɯ ÕɯÌÔ×ÐÙÐÊÈÓɯÖÙÛÏÖÎÖÕÈÓɯÍÜÕÊÛÐÖÕÚɯȹ$.%ÚȺɯÈÕÈÓàÚÐÚɯÞÈÚɯÜÚÌËɯÛÖɯÙÌÝÌÈÓɯ

ÝÐÚÜÈÓÓàɯÞÏÌÛÏÌÙɯÛÏÌÙÌɯÈÙÌɯÚÐÔÐÓÈÙÐÛÐÌÚɯÈÕËɯËÐřÌÙÌÕÊÌÚɯÐÕɯÍÈÊÛÖÙÚɯËÙÐÝÐÕÎɯ

ÝÈÙÐÈÉÐÓÐÛàɯÐÕɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÊÙÖÚÚɯÚÛÈÛÐÖÕÚȮɯÈÕËɯÊÏÈÕÎÌÚɯÐÕɯÛÏÌɯÚÐÎÕÐŗÊÈÕÊÌɯÖÍɯ

http://www.sfei.org/documents/delta-nutrient-sources
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ÛÏÌÚÌɯÍÈÊÛÖÙÚɯÖÝÌÙɯÛÐÔÌȭɯ,ÖÚÛɯÖÍɯÛÏÌɯÚÛÈÛÐÚÛÐÊÈÓɯÈÕÈÓàÚÌÚɯÞÌÙÌɯËÖÕÌɯÜÚÐÕÎɯÛÏÌɯ1ɯ

ÚÖÍÛÞÈÙÌȭɯ 

Ɩȭ ,ÈÚÚɯÉÈÓÈÕÊÌɯÔÖËÌÓÐÕÎȭɯ3ÏÐÚɯ×ÙÖÑÌÊÛɯÌÓÌÔÌÕÛɯÈ××ÓÐÌËɯÈɯÏàËÙÖËàÕÈÔÐÊɯÔÖËÌÓɯȹÛÏÌɯ

#ÌÓÛÈɯ2ÐÔÜÓÈÛÐÖÕɯ,ÖËÌÓɯƖȮɯÖÙɯ#2,ƖȺɯÛÖɯÌÚÛÈÉÓÐÚÏɯÈɯÔÈÚÚɯÉÈÓÈÕÊÌɯÈÕËɯØÜÈÕÛÐÍàɯ

ÕÜÛÙÐÌÕÛɯÓÖÈËÚɯÖÍɯ-'ǀȮɯ-.ƿȮɯ#(-ȮɯÈÕËɯ3-ɯÛÖɯÈÕËɯÍÙÖÔɯÛÏÌɯ#ÌÓÛÈȭɯ(ÛɯÈÓÚÖɯÈ××ÓÐÌËɯ

ÛÏÌɯ#2,ƖɯÕÜÛÙÐÌÕÛɯÔÖËÌÓɯÛÖɯÊÏÈÙÈÊÛÌÙÐáÌɯÈÕËɯØÜÈÕÛÐÍàɯÕÐÛÙÖÎÌÕɯÛÙÈÕÚÍÖÙÔÈÛÐÖÕÚɯ

ÈÕËɯÓÖÚÚÌÚɯËÜÙÐÕÎɯÛÙÈÕÚÐÛɯÛÏÙÖÜÎÏɯÛÏÌɯ#ÌÓÛÈɯÜÕËÌÙɯÈɯÙÈÕÎÌɯÖÍɯŘÖÞɯÊÖÕËÐÛÐÖÕÚȭɯ 

Ɨȭ (ÚÖÛÖ×ÌɯËÈÛÈɯÈÕÈÓàÚÐÚȭɯ3ÏÐÚɯ×ÙÖÑÌÊÛɯÌÓÌÔÌÕÛɯÊÖÕÚÐÚÛÌËɯÖÍɯÈÕɯÌÝÈÓÜÈÛÐÖÕɯÖÍɯÌßÐÚÛÐÕÎɯ

ÚÛÈÉÓÌɯÐÚÖÛÖ×ÌɯËÈÛÈɯÊÖÓÓÌÊÛÌËɯÈÛɯÚÐÛÌÚɯÐÕɯÛÏÌɯ#ÌÓÛÈɯÈÕËɯÐÛÚɯÛÙÐÉÜÛÈÙÐÌÚȭɯ3ÏÌɯÖÉÑÌÊÛÐÝÌɯ

ÞÈÚɯÛÖɯÖÉÛÈÐÕɯÈËËÐÛÐÖÕÈÓɯÐÕÍÖÙÔÈÛÐÖÕɯÈÉÖÜÛɯËÖÔÐÕÈÕÛɯ×ÙÖÊÌÚÚÌÚɯÊÖÕÛÙÖÓÓÐÕÎɯÛÏÌɯ

ÍÈÛÌɯÖÍɯÕÐÛÙÖÎÌÕɯÐÕɯÛÏÌɯ#ÌÓÛÈȭɯ%ÖÙɯÌßÈÔ×ÓÌȮɯÐÚÖÛÖ×ÌɯËÈÛÈɯÈÕÈÓàÚÐÚɯÊÈÕɯÏÌÓ×ɯ

ËÌÛÌÙÔÐÕÌɯÐÍɯÚ×ÈÛÐÈÓɯÎÙÈËÐÌÕÛÚɯÐÕɯÕÜÛÙÐÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÙÌɯÔÖÚÛɯÓÐÒÌÓàɯÊÈÜÚÌËɯ

ÉàɯÊÏÌÔÐÊÈÓɯÛÙÈÕÚÍÖÙÔÈÛÐÖÕȮɯÜ×ÛÈÒÌɯÉàɯ×ÓÈÕÒÛÖÕȮɯÖÙɯÉÜÙÐÈÓɯÐÕɯÛÏÌɯÚÌËÐÔÌÕÛȭ 

Key Findings 

2ÌÈÚÖÕÈÓɯÈÕËɯÛÌÔ×ÖÙÈÓɯÊÏÈÕÎÌÚɯÐÕɯÕÜÛÙÐÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚ 

3ÏÌɯÚàÕÛÏÌÚÐÚɯÙÌ×ÖÙÛɯËÖÊÜÔÌÕÛÚɯÈɯÓÈÙÎÌɯËÌÎÙÌÌɯÖÍɯÛÌÔ×ÖÙÈÓɯÈÕËɯÚ×ÈÛÐÈÓɯÝÈÙÐÈÉÐÓÐÛàɯÈÊÙÖÚÚɯ

ÚÛÈÛÐÖÕÚȭɯ%ÐÎÜÙÌɯƙƖɯÙÌ×ÙÌÚÌÕÛÚɯÛÏÌɯÙÈÕÎÌɯÖÍɯÚ×ÈÛÐÈÓɯÈÕËɯÚÌÈÚÖÕÈÓɯ×ÈŲÌÙÕÚɯÖÉÚÌÙÝÌËɯÐÕɯ

-'ǀȮɯ-.ƿȮɯ#(-ȮɯÈÕËɯ3-ȭɯ2ÛÈÛÐÖÕÚȭɯ2ÛÈÛÐÖÕÚɯÐÕɯÛÏÌɯÐÕÕÌÙɯ#ÌÓÛÈɯÊÈÕɯÏÈÝÌɯÛà×ÐÊÈÓɯ

ÚÜÔÔÌÙÛÐÔÌɯ#(-ɯËÌ×ÓÌÛÐÖÕȮɯÞÏÌÙÌÈÚɯÚÌÈÚÖÕÈÓɯÝÈÙÐÈÉÐÓÐÛàɯÈÛɯÜ×ÚÛÙÌÈÔɯÚÛÈÛÐÖÕÚɯÖÕɯÛÏÌɯ

2ÈÊÙÈÔÌÕÛÖɯÈÕËɯ2ÈÕɯ)ÖÈØÜÐÕɯÙÐÝÌÙÚɯËÖÌÚɯÕÖÛɯÍÖÓÓÖÞɯÛÏÐÚɯ×ÈŲÌÙÕɯÉÌÊÈÜÚÌɯÐÛɯÐÚɯÈřÌÊÛÌËɯÉàɯ

Ü×ÚÛÙÌÈÔɯÓÖÈËÐÕÎÚɯÈÕËɯÓÖÊÈÓɯÚÖÜÙÊÌÚȭɯ 

 ɯÛÙÌÕËɯÈÕÈÓàÚÐÚɯÖÍɯÛÏÌɯÌÕÛÐÙÌɯƗƜɯàÌÈÙɯËÈÛÈɯÙÌÊÖÙËɯÍÙÖÔɯƕƝƛƙɬƖƔƕƗɯÚÏÖÞÌËɯÚÐÎÕÐŗÊÈÕÛɯ

ÐÕÊÙÌÈÚÐÕÎɯÛÙÌÕËÚɯÍÖÙɯÕÐÛÙÖÎÌÕɯÚ×ÌÊÐÌÚɯÈÕËɯÚÐÎÕÐŗÊÈÕÛɯËÌÊÙÌÈÚÐÕÎɯÛÙÌÕËÚɯÍÖÙɯ/.ǀɯÈÛɯÔÖÚÛɯ

ÖÍɯÛÏÌɯÚÛÈÛÐÖÕÚȭɯ'ÖÞÌÝÌÙȮɯÐÍɯÖÕÓàɯÛÏÌɯËÈÛÈɯÍÙÖÔɯÛÏÌɯÔÖÚÛɯÙÌÊÌÕÛɯƕƙɪàÌÈÙɯ×ÌÙÐÖËɯÍÙÖÔɯƕƝƝƜɯ

ÛÖɯƖƔƕƗɯÈÙÌɯÈÕÈÓàáÌËȮɯÛÏÌÙÌɯÐÚɯÈɯÊÏÈÕÎÌɯÐÕɯÛÏÌɯËÐÙÌÊÛÐÖÕɯÖÍɯÛÙÌÕËÚɯÍÖÙɯÛÏÌɯÕÐÛÙÖÎÌÕɯÚ×ÌÊÐÌÚȭɯ

%ÖÙɯÛÏÌɯ×ÌÙÐÖËɯÍÙÖÔɯƕƝƝƜɯÛÖɯƖƔƕƗȮɯÛÏÌÙÌɯÈÙÌɯÚÐÎÕÐŗÊÈÕÛɯËÌÊÙÌÈÚÐÕÎɯÛÙÌÕËÚɯÐÕɯÈÔÔÖÕÐÜÔɯ

ÈÛɯÚÐßɯÖÍɯƕƕɯÚÛÈÛÐÖÕÚȮɯÈÕËɯÕÖɯÛÙÌÕËÚɯÈÛɯÛÏÌɯÙÌÔÈÐÕÐÕÎɯŗÝÌɯÚÛÈÛÐÖÕÚȭɯ2ÐÔÐÓÈÙÓàȮɯÛÏÌÙÌɯÈÙÌɯ

ÚÐÎÕÐŗÊÈÕÛɯËÌÊÙÌÈÚÐÕÎɯÛÙÌÕËÚɯÍÖÙɯÕÐÛÙÈÛÌɯÈÛɯÛÞÖɯÚÛÈÛÐÖÕÚȮɯÈÕËɯÕÖɯÛÙÌÕËÚɯÍÖÙɯÕÐÛÙÈÛÌɯÈÛɯÛÏÌɯ

ÖÛÏÌÙɯÚÛÈÛÐÖÕÚɯÍÖÙɯÛÏÌɯ×ÌÙÐÖËɯÍÙÖÔɯƕƝƝƜɯÛÖɯƖƔƕƗȭɯ#ÐÚÚÖÓÝÌËɯÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌɯËÌÊÓÐÕÌËɯ

ËÜÙÐÕÎɯÛÏÌɯƗƜɯàÌÈÙɯ×ÌÙÐÖËɯÍÙÖÔɯƕƝƛƙɬƖƔƕƗɯÈÛɯƝɯÖÍɯƕƕɯÚÐÛÌÚɯÈÕËɯÈÓÚÖɯËÌÊÓÐÕÌËɯÈÛɯƘɯÚÐÛÌÚɯ

ËÜÙÐÕÎɯÛÏÌɯ×ÌÙÐÖËɯÍÙÖÔɯƕƝƝƜɯÛÖɯƖƔƕƗȮɯÉÜÛɯÛÏÌÙÌɯÞÈÚɯÈÓÚÖɯÈÕɯÐÕÊÙÌÈÚÐÕÎɯÛÙÌÕËɯÈÛɯÖÕÌɯÖÍɯÛÏÌɯ

ÚÛÈÛÐÖÕÚɯȹ,#ƕƔȮɯ#ÐÚÈ××ÖÐÕÛÔÌÕÛɯ2ÓÖÜÎÏȺɯÍÖÙɯÛÏÌɯ×ÌÙÐÖËɯÍÙÖÔɯƕƝƝƜɯÛÖɯƖƔƕƗȭɯ&ÌÕÌÙÈÓÓàȮɯ

ÈÕËɯÕÖÛɯÚÜÙ×ÙÐÚÐÕÎÓàȮɯÛÏÌɯÛÙÌÕËÚɯÈÙÌɯÔÖÙÌɯÊÖÕÚÐÚÛÌÕÛɯÈÊÙÖÚÚɯÚÛÈÛÐÖÕÚɯÈÚɯÛÏÌɯÓÌÕÎÛÏɯÖÍɯÛÏÌɯ

ÈÕÈÓàáÌËɯ×ÌÙÐÖËɯÐÕÊÙÌÈÚÌÚȭɯ 

3ÏÌɯÛÙÌÕËɯÈÕÈÓàÚÐÚɯÙÌÝÌÈÓÌËɯÛÏÈÛɯÌßÛÙÈ×ÖÓÈÛÐÖÕɯÈÊÙÖÚÚɯÚ×ÈÊÌɯÔÈàɯÉÌɯ×ÙÖÉÓÌÔÈÛÐÊȭɯ%ÖÙɯÛÏÌɯ

ÚÏÖÙÛÌÙɯ×ÌÙÐÖËɯÖÍɯƕƝƝƜɬƖƔƕƗȮɯÚÌÝÌÕɯÖÍɯÛÏÌɯÌÓÌÝÌÕɯÚÛÈÛÐÖÕÚɯËÐËɯÕÖÛɯÏÈÝÌɯÈÕàɯÚÐÎÕÐŗÊÈÕÛɯ



 

ƖƜ 

ÊÖÙÙÌÓÈÛÐÖÕÚɯÐÕɯÛÙÌÕËÚɯÈÊÙÖÚÚɯÔÜÓÛÐ×ÓÌɯÝÈÙÐÈÉÓÌÚɯÞÐÛÏɯÈÕàɯÖÛÏÌÙɯÚÛÈÛÐÖÕȭɯ,ÖÙÌɯÚ×ÌÊÐŗÊÈÓÓàȮɯ

ÝÈÙÐÈÉÓÌÚɯÌßÏÐÉÐÛɯÙÈÛÏÌÙɯÜÕÐØÜÌɯ×ÈŲÌÙÕÚɯÖÍɯÛÙÌÕËÚɯÈÛɯÌÈÊÏɯÖÍɯÛÏÌÚÌɯÚÛÈÛÐÖÕÚȭ 

3ÏÌɯÙÌ×ÖÙÛɯÊÖÕÊÓÜËÌÚɯÛÏÈÛɯÌßÐÚÛÐÕÎɯÚÛÈÛÐÖÕÚɯÈÙÌɯÕÖÛɯÙÌËÜÕËÈÕÛɯȹÞÐÛÏɯÛÏÌɯÌßÊÌ×ÛÐÖÕɯÖÍɯÛÏÌɯ

2ÜÐÚÜÕɯ!ÈàɯÚÛÈÛÐÖÕÚȺȮɯÉÌÊÈÜÚÌɯÛÙÌÕËÚɯÍÖÙɯÚÌÝÌÙÈÓɯÚÛÈÛÐÖÕÚɯÞÌÙÌɯÕÖÛɯÊÖÕÚÐÚÛÌÕÛɯÞÐÛÏɯÌÈÊÏɯ

ÖÛÏÌÙɯÖÝÌÙɯÛÐÔÌɯÈÕËɯÝÈÙÐÈÉÓÌÚɯÌßÏÐÉÐÛɯÙÈÛÏÌÙɯÜÕÐØÜÌɯ×ÈŲÌÙÕÚɯÖÍɯÛÙÌÕËÚɯÈÕËɯÝÈÙÐÈÉÐÓÐÛàȭɯ(Ûɯ

ÍÖÓÓÖÞÚɯÛÏÈÛɯÊÖÕËÐÛÐÖÕÚɯÈÕËɯÛÙÌÕËÚɯÈÛɯÛÏÌɯÊÜÙÙÌÕÛÓàɯÔÖÕÐÛÖÙÌËɯÚÛÈÛÐÖÕÚɯÊÈÕÕÖÛɯÉÌɯ

ÌßÛÙÈ×ÖÓÈÛÌËɯÛÖɯÈÙÌÈÚɯÖÍɯÛÏÌɯ#ÌÓÛÈɯÛÏÈÛɯÈÙÌɯÕÖÛɯÊÜÙÙÌÕÛÓàɯÔÖÕÐÛÖÙÌËȮɯÚÜÊÏɯÈÚɯÛÏÌɯ-ÖÙÛÏɯ

#ÌÓÛÈȮɯÛÏÌɯ2ÖÜÛÏɯ#ÌÓÛÈȮɯÈÕËɯÊÖÕÛÙÐÉÜÛÐÖÕÚɯÍÙÖÔɯ$ÈÚÛÚÐËÌɯÛÙÐÉÜÛÈÙÐÌÚȭɯ ËËÐÛÐÖÕÈÓɯÚÛÈÛÐÖÕÚɯ

ÞÖÜÓËɯÉÌɯÕÌÌËÌËȮɯÐÍɯÛÏÌɯÎÖÈÓɯÞÌÙÌɯÛÖɯÌÝÈÓÜÈÛÌɯÊÖÕËÐÛÐÖÕÚɯÈÕËɯÛÙÌÕËÚɯÈÊÙÖÚÚɯÈÓÓɯÙÌÎÐÖÕÚɯÖÍɯ

ÛÏÌɯ#ÌÓÛÈȭɯ&ÐÝÌÕɯÛÏÌɯÓÈÙÎÌɯÈÔÖÜÕÛɯÖÍɯÝÈÙÐÈÉÐÓÐÛàɯÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯŘÖÞɯÈÕËɯÛÌÔ×ÌÙÈÛÜÙÌȮɯ

ÛÏÌÚÌɯÈÕÊÐÓÓÈÙàɯÝÈÙÐÈÉÓÌÚɯÚÏÖÜÓËɯÈÓÚÖɯÉÌɯÔÌÈÚÜÙÌËɯÈÛɯÞÈÛÌÙɯØÜÈÓÐÛàɯÚÛÈÛÐÖÕÚȭ 

,ÈÚÚɯÉÈÓÈÕÊÌɯÍÖÙɯÕÐÛÙÖÎÌÕ 

3ÏÌɯÔÈÚÚɯÉÈÓÈÕÊÌɯÌÚÛÐÔÈÛÌÚɯÚÜÎÎÌÚÛɯÛÏÈÛɯÛÏÌɯ#ÌÓÛÈɯÍÜÕÊÛÐÖÕÚɯÈÚɯÈÕɯÐÔ×ÖÙÛÈÕÛɯ

ÉÐÖÎÌÖÊÏÌÔÐÊÈÓɯÙÌÈÊÛÖÙȮɯÞÏÌÙÌɯÚÐÎÕÐŗÊÈÕÛɯÛÙÈÕÚÍÖÙÔÈÛÐÖÕɯ×ÙÖÊÌÚÚÌÚɯÖÊÊÜÙɯÈÛɯÈɯÓÈÙÎÌɯ

ÚÊÈÓÌȭɯ3ÏÌɯÙÌÚÜÓÛÚɯÖÍɯÛÏÌɯÔÈÚÚɯÉÈÓÈÕÊÌɯÈÕÈÓàÚÌÚɯÈÙÌɯÙÌ×ÙÌÚÌÕÛÌËɯÐÕɯ%ÐÎÜÙÌÚɯƙƗɯÈÕËɯƙƘȭɯ

3ÏÌÚÌɯÙÌÚÜÓÛÚɯÚÜÎÎÌÚÛɯÛÏÈÛɯÛÏÌɯÔÈÑÖÙÐÛàɯȹƚƙǔɬƜƙǔȺɯÖÍɯ-'ǀɯÛÏÈÛɯÌÕÛÌÙÌËɯÛÏÌɯ#ÌÓÛÈɯËÜÙÐÕÎɯ

ÚÜÔÔÌÙɯÔÖÕÛÏÚɯËÐËɯÕÖÛɯÓÌÈÝÌɯÛÏÌɯÚàÚÛÌÔɯÈÚɯ-'ǀȮɯÈÕËɯÔÜÚÛɯÛÏÌÙÌÍÖÙÌɯÏÈÝÌɯÜÕËÌÙÎÖÕÌɯ

ÕÐÛÙÐŗÊÈÛÐÖÕ2ɯÖÙɯÉÌÌÕɯÈÚÚÐÔÐÓÈÛÌËɯÉàɯÖÙÎÈÕÐÚÔÚȭɯ(ÕɯÈËËÐÛÐÖÕȮɯƖƙǔɯÖÍɯ3-ɯÓÖÈËÚɯÛÖɯÛÏÌɯ

#ÌÓÛÈɯÞÌÙÌɯÓÖÚÛɯËÜÙÐÕÎɯÚÜÔÔÌÙɯÔÖÕÛÏÚȭɯ1ÌÈÓÐÚÛÐÊɯÌÚÛÐÔÈÛÌÚɯÖÍɯËÌÕÐÛÙÐŗÊÈÛÐÖÕ3ɯÈÕËɯ

ÈÊÊÜÔÜÓÈÛÐÖÕɤÉÜÙÐÈÓɯÙÈÛÌÚɯÞÐÛÏÐÕɯÛÏÌɯ#ÌÓÛÈɯÊÈÕɯÊÖÔÉÐÕÌËɯÙÌÈËÐÓàɯÌß×ÓÈÐÕɯÛÏÌɯ3-ɯÓÖÚÚÌÚȭɯ 

3ÏÌɯÈÕÈÓàÚÐÚɯÍÜÙÛÏÌÙɯÙÌÝÌÈÓÌËɯÛÏÈÛɯ×ÙÖÊÌÚÚÌÚɯÈřÌÊÛÐÕÎɯÕÜÛÙÐÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚȮɯÓÖÈËÐÕÎÚȮɯ

ÈÕËɯÓÖÚÚÌÚɯÝÈÙàɯÚÛÙÖÕÎÓàɯÈÊÙÖÚÚɯÚÜÉÙÌÎÐÖÕÚɯÖÍɯÛÏÌɯ#ÌÓÛÈȭɯ3ÏÌɯÚÐßɯÚÜÉÙÌÎÐÖÕÚɯÜÚÌËɯÐÕɯÛÏÌɯ

#2,ƖɯÔÖËÌÓɯÊÈÓÐÉÙÈÛÐÖÕɯÏÈËɯÔÈÙÒÌËÓàɯËÐřÌÙÌÕÛɯ-'ǀɯÈÕËɯ3-ɯÓÖÚÚÌÚȮɯÉÖÛÏɯÐÕɯÛÌÙÔÚɯÖÍɯ

ÈÊÛÜÈÓɯÔÈÚÚɯÓÖÚÛɯÈÕËɯ×ÙÖ×ÖÙÛÐÖÕÈÓɯÓÖÚÚɯȹÙÌÓÈÛÐÝÌɯÛÖɯÐÕ×ÜÛɯÛÖɯÛÏÈÛɯÚÜÉÙÌÎÐÖÕȺȮɯÈÚɯÐÓÓÜÚÛÙÈÛÌËɯ

ÐÕɯ%ÐÎÜÙÌɯƙƘȭɯ(ÕɯÍÖÜÙɯÖÍɯÛÏÌɯÚÐßɯ#ÌÓÛÈɯÙÌÎÐÖÕÚɯÔÖÙÌɯÛÏÈÕɯÏÈÓÍɯÖÍɯÛÏÌɯÈÔÔÖÕÐÈɯÛÏÈÛɯÌÕÛÌÙÌËɯ

ÛÏÌɯÙÌÎÐÖÕɯÞÈÚɯÓÖÚÛȭɯ+ÖÚÚÌÚɯÞÌÙÌɯÈ××ÙÖßÐÔÈÛÌÓàɯƖƔǔɯÐÕɯÛÏÌɯ2ÖÜÛÏÌÙÕɯÙÌÎÐÖÕɯÈÕËɯƘƔǔɯÐÕɯ

ÛÏÌɯ"ÖÕŘÜÌÕÊÌɯÙÌÎÐÖÕÚȭɯ3ÏÌɯÎÙÌÈÛÌÚÛɯ-'ǀɯÓÖÚÚɯȹÔÈÚÚɯÈÕËɯ×ÌÙÊÌÕÛÈÎÌȺɯÖÊÊÜÙÙÌËɯÐÕɯÛÏÌɯ

-ÖÙÛÏɯÙÌÎÐÖÕȮɯÍÖÓÓÖÞÌËɯÉàɯÛÏÌɯ$ÈÚÛȭɯ3ÖÛÈÓɯÕÐÛÙÖÎÌÕɯȹ3-ȺɯÓÖÚÚÌÚɯÞÌÙÌɯÎÙÌÈÛÌÚÛɯÐÕɯÛÏÌɯ

-ÖÙÛÏɯȹƖȮƝƔƔɯÒÎɤËȰɯƕƔǔȺȮɯ"ÌÕÛÙÈÓɯȹƙȮƙƔƔɯÒÎɤËȰɯƖƙǔȺɯÈÕËɯ2ÖÜÛÏɯÙÌÎÐÖÕÚɯȹƖȮƚƔƔɯÒÎɤËȰɯƕƙǔȺȮɯ

ÈÕËɯÚÔÈÓÓÌÙɯÐÕɯÛÏÌɯ$ÈÚÛȮɯ2ÈÕɯ)ÖÈØÜÐÕȮɯÈÕËɯ"ÖÕŘÜÌÕÊÌɯÙÌÎÐÖÕÚȭɯ 

                                                 

2ɯ-ÐÛÙÐŗÊÈÛÐÖÕȯɯÈɯ×ÙÖÊÌÚÚɯÈÐËÌËɯÉàɯÉÈÊÛÌÙÐÈɯÞÏÌÙÌɯÈÔÔÖÕÐÈɯȹ-'ƿȺɯÖÙɯÈÔÔÖÕÐÜÔɯÐÖÕÚɯȹ-'ǀׂשȺɯÈÙÌɯ
ÊÖÕÝÌÙÛÌËɯÛÖɯÕÐÛÙÐÛÌɯȹ-.ƾ∆ȺȮɯÈÍÛÌÙɯÞÏÐÊÏɯÕÐÛÙÐÛÌɯÐÚɯÖßÐËÐáÌËɯÛÖɯÕÐÛÙÈÛÌɯȹ-.ƿ∆Ⱥȭ 
3ɯ#ÌÕÐÛÙÐŗÊÈÛÐÖÕȯɯÈɯ×ÙÖÊÌÚÚɯÈÐËÌËɯÉàɯÉÈÊÛÌÙÐÈɯÞÏÌÙÌɯÕÐÛÙÈÛÌɯÐÖÕÚɯȹ-.ƿ∆ȺɯÈÙÌɯÙÌËÜÊÌËɯÈÕËɯÊÖÕÝÌÙÛÌËɯÛÖɯÖÛÏÌÙɯ

ÕÐÛÙÖÎÌÕɯÊÖÔ×ÖÜÕËÚȮɯÌÕËÐÕÎɯŗÕÈÓÓàɯÈÚɯÔÖÓÌÊÜÓÈÙɯÕÐÛÙÖÎÌÕɯȹ-ƾȺȭ 



 

ƖƝ 

(ÚÖÛÖ×ÐÊɯÌÝÐËÌÕÊÌɯÍÖÙɯÛÙÈÕÚÍÖÙÔÈÛÐÖÕÚ 

3ÏÌɯÈÕÈÓàÚÐÚɯÖÍɯÐÚÖÛÖ×ÐÊɯËÈÛÈɯÊÖÕŗÙÔÌËɯÛÏÈÛɯÕÐÛÙÐŗÊÈÛÐÖÕɯÐÚɯÖÊÊÜÙÙÐÕÎɯÛÏÙÖÜÎÏÖÜÛɯÛÏÌɯ

#ÌÓÛÈȮɯ×ÈÙÛÐÊÜÓÈÙÓàɯÈÓÖÕÎɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯÊÖÙÙÐËÖÙȭɯ(ÕɯÈËËÐÛÐÖÕȮɯÛÏÌɯÙÌÚÜÓÛÚɯÍÙÖÔɯ

ÛÏÐÚɯÈÕÈÓàÚÐÚɯÚÜÎÎÌÚÛɯÛÏÈÛɯÓÌÚÚɯÕÐÛÙÐŗÊÈÛÐÖÕɯÖÊÊÜÙÙÌËɯËÜÙÐÕÎɯÏÐÎÏɯŘÖÞɯ×ÌÙÐÖËÚȭɯ3ÏÌɯ

ÙÌÚÜÓÛÚɯÈÓÚÖɯ×ÙÖÝÐËÌɯÚÖÔÌɯÌÝÐËÌÕÊÌɯÛÏÈÛɯÕÐÛÙÖÎÌÕɯÜ×ÛÈÒÌɯÉàɯ×ÏàÛÖ×ÓÈÕÒÛÖÕɯÔÈàɯÉÌɯÈɯ

ËÖÔÐÕÈÕÛɯ×ÙÖÊÌÚÚɯÐÕɯÛÏÌɯÚàÚÛÌÔȮɯÈÓÛÏÖÜÎÏɯÈɯÍÜÓÓɯÔÈÚÚɯÉÈÓÈÕÊÌɯÛÖɯÛÌÚÛɯÛÏÐÚɯÛÏÌÖÙàɯÐÚɯÚÛÐÓÓɯ

ÜÕËÌÙÞÈàȭ 

  



 

ƗƔ 

Significance 

¶ 3ÙÌÕËÚɯÞÐÛÏÐÕɯÚÜÉÙÌÎÐÖÕÚȭɯ3ÏÌɯÙÌÚÜÓÛÚɯÍÙÖÔɯÛÏÐÚɯÚÛÜËàɯÚÜÎÎÌÚÛɯÛÏÈÛɯÚÌÈÚÖÕÈÓɯÈÕËɯ

ÓÖÕÎɪÛÌÙÔɯÛÙÌÕËÚɯÝÈÙàɯÊÖÕÚÐËÌÙÈÉÓàɯÉÌÛÞÌÌÕɯÈÕËɯÞÐÛÏÐÕɯÚÜÉÙÌÎÐÖÕÚɯÖÍɯÛÏÌɯ#ÌÓÛÈȭ 

¶ (Ô×ÖÙÛÈÕÛɯ×ÙÖÊÌÚÚÌÚȭɯ3ÏÌɯ#ÌÓÛÈɯÈÊÛÚɯÈÚɯÈɯÎÐÈÕÛɯɁÉÐÖÎÌÖÊÏÌÔÐÊÈÓɂɯÙÌÈÊÛÖÙɯÞÌÙÌɯÓÈÙÎÌɯ

ÚÊÈÓÌɯÛÙÈÕÚÍÖÙÔÈÛÐÖÕÚɯÖÍɯÕÜÛÙÐÌÕÛÚɯÌÕÛÌÙÐÕÎɯÛÏÌɯÚàÚÛÌÔɯÖÊÊÜÙȭɯ,ÜÊÏɯÖÍɯÛÏÌɯ-'ǀɯ

ÌÕÛÌÙÐÕÎɯÛÏÌɯÚàÚÛÌÔɯÚÌÌÔÚɯÛÖɯÎÌÛÚɯÛÙÈÕÚÍÖÙÔÌËɯÛÖɯ-.ƿɯÖÙɯÈÚÚÐÔÐÓÈÛÌËɯÉàɯ

ÖÙÎÈÕÐÚÔÚȭɯ ɯÚÐÎÕÐŗÊÈÕÛɯ×ÖÙÛÐÖÕɯÖÍɯÛÖÛÈÓɯÕÐÛÙÖÎÌÕɯÌÕÛÌÙÐÕÎɯÛÏÌɯ#ÌÓÛÈɯÈ××ÌÈÙÚɯÛÖɯ

ÎÌÛɯÌÐÛÏÌÙɯÓÖÚÛɯÛÖɯÛÏÌɯÈÛÔÖÚ×ÏÌÙÌɯÉàɯËÌÕÐÛÙÐŗÊÈÛÐÖÕɯÖÍɯ-.ƿɯÛÖɯÎÈÚÌÖÜÚɯ-ƾɯÖÙɯÉÜÙÐÌËɯ

ÐÕɯÚÌËÐÔÌÕÛȭɯ+ÖÈËÐÕÎÚɯÈÕËɯËÖÔÐÕÈÕÛɯ×ÙÖÊÌÚÚÌÚɯÝÈÙàɯÚÐÎÕÐŗÊÈÕÛÓàɯÈÊÙÖÚÚɯ

ÚÜÉÙÌÎÐÖÕÚȭɯ2ÖÔÌɯÚÜÉÙÌÎÐÖÕÚɯÈÙÌɯÕÌÛɯÚÖÜÙÊÌÚɯÈÕËɯÖÛÏÌÙÚɯÈÙÌɯÕÌÛɯÚÐÕÒÚɯÍÖÙɯ

ËÐřÌÙÌÕÛɯÕÐÛÙÖÎÌÕɯÍÖÙÔÚȭɯ 

¶ %ÖÙÌÊÈÚÛÐÕÎȭɯ1ÌÓÐÈÉÓÌɯÍÖÙÌÊÈÚÛÚɯÖÍɯÈÔÉÐÌÕÛɯÊÖÕËÐÛÐÖÕÚɯÙÌØÜÐÙÌɯÔÖËÌÓÚɯÛÏÈÛɯÊÈÕɯ

ÈÊÊÜÙÈÛÌÓàɯÈÊÊÖÜÕÛɯÍÖÙɯÓÖÚÚÌÚɯÈÕËɯÛÙÈÕÚÍÖÙÔÈÛÐÖÕÚɯÜÕËÌÙɯÊÜÙÙÌÕÛɯÊÖÕËÐÛÐÖÕÚɯÈÕËɯ

ÙÌÚ×ÖÕËɯÐÕɯÙÌÈÓÐÚÛÐÊɯÞÈàÚɯÛÖɯÊÏÈÕÎÌÚɯÐÕɯ×ÏàÚÐÊÈÓɯÈÕËɯÊÏÌÔÐÊÈÓɯËÙÐÝÌÙÚȭɯ,ÖÙÌɯ

ÛÈÙÎÌÛÌËɯÔÖËÌÓÐÕÎɯÞÖÙÒɯÐÚɯÕÌÌËÌËɯÛÖɯÐËÌÕÛÐÍàɯÈÙÌÈÚɯÞÏÌÙÌɯÛÏÌɯÎÙÌÈÛÌÚÛɯÓÖÚÚÌÚɯ

ÖÊÊÜÙȮɯÈÕËɯÛÖɯÜÕËÌÙÚÛÈÕËɯÛÏÌɯÙÌÓÈÛÐÝÌɯÐÔ×ÖÙÛÈÕÊÌɯÖÍɯÍÈÊÛÖÙÚɯÊÖÕÛÙÐÉÜÛÐÕÎɯÛÖɯÛÏÖÚÌɯ

ÓÖÚÚÌÚȮɯÚÜÊÏɯÈÚɯŘÖÞɯÙÖÜÛÐÕÎȮɯÙÌÚÐËÌÕÊÌɯÛÐÔÌȮɯÈÕËɯÛÌÔ×ÌÙÈÛÜÙÌȭɯ 

3ÈÉÓÌɯƗȭɯ+ÐÚÛɯÖÍɯ#61ɪ$,/ɯËÐÚÊÙÌÛÌɯÞÈÛÌÙɯØÜÈÓÐÛàɯÚÛÈÛÐÖÕÚɯÐÕÊÓÜËÌËɯÐÕɯÛÏÌɯÈÕÈÓàÚÌÚɯ×ÙÌÚÌÕÛÌËɯÐÕɯ

-ÖÝÐÊÒɯÌÛɯÈÓȭɯȹƖƔƕƙȺȭ 

Station Code Location Subregion 

C3 Sacramento River @ Hood Sacramento River 

D26 San Joaquin River at Potato Point North Central Delta 

MD10 Disappointment Slough @ Bishop Cut North Central Delta 

P8 San Joaquin River @ Buckley Cove North Central Delta 

D19 Frank's Tract  South Central Delta 

D28A Old River @ Rancho Del Rio South Central Delta 

C10 San Joaquin River near Vernalis @ SJR Club South Delta 

D4 Sacramento River above Point Sacramento Confluence 

D6 Martinez Suisun Bay 

D7 Grizzly Bay  Suisun Bay 

D8 Suisun Bay off Middle Point near. Nichols Suisun Bay 

 

  



 

Ɨƕ 

3.2 Summary and evaluation of Delta subregions for nutrient 

monitoring and assessment  

Project Team 

 ØÜÈÛÐÊɯ2ÊÐÌÕÊÌɯ"ÌÕÛÌÙ 

Funding 

#ÌÓÛÈɯ2ÊÐÌÕÊÌɯ/ÙÖÎÙÈÔ 

Reference 

)ÈÉÜÚÊÏɯ3ȭȮɯ/ȭɯ!ÙÌÚÕÈÏÈÕȮɯ/ȭɯ3ÙÖÞÉÙÐËÎÌȮɯ ȭɯ6ÖÕÎȮɯ,ȭɯ2ÈÓÖÔÖÕȮɯÈÕËɯ#ȭɯ2ÌÕÕȭɯƖƔƕƙȭɯ

2ÜÔÔÈÙàɯÈÕËɯ$ÝÈÓÜÈÛÐÖÕɯÖÍɯ#ÌÓÛÈɯ2ÜÉÙÌÎÐÖÕÚɯÍÖÙɯ-ÜÛÙÐÌÕÛɯ,ÖÕÐÛÖÙÐÕÎɯÈÕËɯ ÚÚÌÚÚÔÌÕÛȭɯ

 ØÜÈÛÐÊɯ2ÊÐÌÕÊÌɯ"ÌÕÛÌÙȮɯ1ÐÊÏÔÖÕËȮɯ" ȭɯÏŲ×ȯɤɤÞÞÞȭÚÍÌÐȭÖÙÎɤËÖÊÜÔÌÕÛÚɤÚÜÔÔÈÙàɪ

ÈÕËɪÌÝÈÓÜÈÛÐÖÕɪËÌÓÛÈɪÚÜÉÙÌÎÐÖÕÚɪÕÜÛÙÐÌÕÛɪÔÖÕÐÛÖÙÐÕÎɪÈÕËɪÈÚÚÌÚÚÔÌÕÛ 

Approach 

3ÏÌɯ#ÌÓÛÈɯ2ÊÐÌÕÊÌɯ/ÙÖÎÙÈÔɯ×ÙÖÝÐËÌËɯÍÜÕËÐÕÎɯÛÖɯ 2"ɯÛÖɯÚàÕÛÏÌÚÐáÌɯÕÜÛÙÐÌÕÛɯËÈÛÈɯÈÕËɯ

ÈÕÈÓàÚÌÚɯÛÖɯÐËÌÕÛÐÍàɯÖ×ÛÐÖÕÚɯÍÖÙɯÖ×ÛÐÔÐáÐÕÎɯÛÏÌɯËÌÚÐÎÕɯÖÍɯÈɯÚÛÈÛÜÚɯÈÕËɯÛÙÌÕËÚɯÕÜÛÙÐÌÕÛɯ

ÔÖÕÐÛÖÙÐÕÎɯ×ÙÖÎÙÈÔɯÍÖÙɯÛÏÌɯ#ÌÓÛÈȭɯ2×ÌÊÐŗÊɯÎÖÈÓÚɯÞÌÙÌɯÛÖȯ 

ƕȭ 2ÜÔÔÈÙÐáÌȮɯÊÖÔ×ÈÙÌȮɯÈÕËɯÙÌÊÖÔÔÌÕËɯ×ÖÛÌÕÛÐÈÓɯÚÜÉÙÌÎÐÖÕÚɯÛÖɯÉÌɯÜÚÌËɯÍÖÙɯ

ÔÖÕÐÛÖÙÐÕÎɯÈÕËɯÈÚÚÌÚÚÐÕÎɯÕÜÛÙÐÌÕÛÚɯÐÕɯÛÏÌɯ#ÌÓÛÈȰ 

Ɩȭ (ÕÝÌÚÛÐÎÈÛÌɯÚ×ÈÛÐÈÓɯÈÕËɯÛÌÔ×ÖÙÈÓɯ×ÈŲÌÙÕÚɯÐÕɯÕÜÛÙÐÌÕÛɯÛÙÌÕËÚɯÈÕËɯ×ÖÛÌÕÛÐÈÓɯËÙÐÝÌÙÚɯ

ÖÍɯÛÏÌÚÌɯ×ÈŲÌÙÕÚɯÙÌÓÈÛÐÝÌɯÛÖɯ×ÙÖ×ÖÚÌËɯÚÜÉÙÌÎÐÖÕÚȰ 

Ɨȭ $ÝÈÓÜÈÛÌɯÐÍɯÛÏÌɯÊÜÙÙÌÕÛɯÕÜÛÙÐÌÕÛɯÔÖÕÐÛÖÙÐÕÎɯËÌÚÐÎÕɯÐÚɯÚÜŚÊÐÌÕÛɯÛÖɯÊÏÈÙÈÊÛÌÙÐáÌɯ

ÕÜÛÙÐÌÕÛɯÚÛÈÛÜÚɯÈÕËɯÛÙÌÕËÚɯÐÕɯ×ÙÖ×ÖÚÌËɯÚÜÉÙÌÎÐÖÕÚȰɯÈÕË 

Ƙȭ  ÚÚÌÚÚɯÛÏÌɯÊÜÙÙÌÕÛɯÔÖÕÐÛÖÙÐÕÎɯÊÖÝÌÙÈÎÌɯÖÍɯËÐřÌÙÌÕÛɯÈØÜÈÛÐÊɯÏÈÉÐÛÈÛɯÛà×ÌÚɯÞÐÛÏÐÕɯ

ÌÈÊÏɯÖÍɯÛÏÌɯ×ÙÖ×ÖÚÌËɯÚÜÉÙÌÎÐÖÕÚȭ 

3ÏÐÚɯÞÖÙÒɯÞÈÚɯÊÖÕËÜÊÛÌËɯÜÕËÌÙɯÛÏÌɯÈÚÚÜÔ×ÛÐÖÕɯÛÏÈÛɯÈɯÚÛÈÛÜÚɯÈÕËɯÛÙÌÕËÚɯÔÖÕÐÛÖÙÐÕÎɯ

×ÙÖÎÙÈÔɯÍÖÙɯÕÜÛÙÐÌÕÛÚɯÐÕɯÛÏÌɯ#ÌÓÛÈɯÚÏÖÜÓËɯÊÖÝÌÙɯÈÓÓɯËÐÚÛÐÕÊÛɯÚÜÉÙÌÎÐÖÕÚɯÈÕËɯ

ÙÌ×ÙÌÚÌÕÛÈÛÐÝÌɯÏÈÉÐÛÈÛÚȮɯÈÕËɯÉÌɯÈÉÓÌɯÛÖɯËÌÛÌÊÛɯÛÙÌÕËÚɯÖÍɯÌÊÖÓÖÎÐÊÈÓɯÈÕËɯÔÈÕÈÎÌÔÌÕÛɯ

ÐÕÛÌÙÌÚÛȭɯ!ÈÚÌËɯÖÕɯÛÏÐÚɯÈÚÚÜÔ×ÛÐÖÕȮɯÛÏÌɯÙÌ×ÖÙÛɯÐËÌÕÛÐŗÌÚɯÓÐÔÐÛÈÛÐÖÕÚɯÖÍɯÛÏÌɯÊÜÙÙÌÕÛɯ

ÔÖÕÐÛÖÙÐÕÎɯÌřÖÙÛÚɯÈÕËɯËÌÛÈÐÓÌËɯÖ×ÛÐÖÕÚɯÍÖÙɯÐÔ×ÙÖÝÐÕÎɯÛÏÌɯÕÜÛÙÐÌÕÛɯÔÖÕÐÛÖÙÐÕÎɯ×ÙÖÎÙÈÔɯ

ÉÈÚÌËɯÖÕɯÈɯÊÈÙÌÍÜÓɯÙÌÝÐÌÞɯÖÍɯÌßÐÚÛÐÕÎɯËÈÛÈȭɯ%ÖÙɯÞÈÛÌÙɯØÜÈÓÐÛàɯËÈÛÈȮɯÛÏÐÚɯÌřÖÙÛɯÍÖÊÜÚÌËɯ

×ÙÐÔÈÙÐÓàɯÖÕɯÛÏÌɯÔÜÓÛÐɪËÌÊÈËÌɯÔÖÕÛÏÓàɯÔÖÕÐÛÖÙÐÕÎɯËÈÛÈɯÊÖÓÓÌÊÛÌËɯÉàɯ#61ɪ$,/ɯÈÕËɯÖÕɯ

ÈɯÍÌÞɯÌßÈÔ×ÓÌÚɯÖÍɯÏÐÎÏɪÍÙÌØÜÌÕÊàɯËÈÛÈȭɯ 



 

ƗƖ 

Key Findings 

ƕȭ /ÖÛÌÕÛÐÈÓɯÚÜÉÙÌÎÐÖÕÚȭɯ3ÏÌɯÚÛÜËàɯÐËÌÕÛÐŗÌËɯÚÌÝÌÕɯ×ÖÛÌÕÛÐÈÓɯÚÜÉÙÌÎÐÖÕÚɯÛÖɯ

ËÐÚÛÐÕÎÜÐÚÏɯÈÔÖÕÎɯÈÙÌÈÚɯÞÏÌÙÌɯËÐÚÛÐÕÊÛɯ×ÏàÚÐÊÈÓɯÈÕËɯÉÐÖÎÌÖÊÏÌÔÐÊÈÓɯËÙÐÝÌÙÚɯ

ÐÕŘÜÌÕÊÌɯÕÜÛÙÐÌÕÛɯËàÕÈÔÐÊÚɯÖÙɯÕÜÛÙÐÌÕÛɪÙÌÓÈÛÌËɯÙÌÚ×ÖÕÚÌÚȭɯ3ÏÌɯ×ÙÖ×ÖÚÌËɯ

ÚÜÉÙÌÎÐÖÕÚɯÈÙÌɯȹ%ÐÎÜÙÌɯƕȰɯÍÙÖÔɯÕÖÙÛÏɯÛÖɯÚÖÜÛÏȺȯɯ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙȮɯ-ÖÙÛÏɯ#ÌÓÛÈȮɯ

$ÈÚÛÚÐËÌȮɯ2ÜÐÚÜÕɯ!ÈàȮɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈȮɯ"ÖÕŘÜÌÕÊÌȮɯÈÕËɯ2ÖÜÛÏɯ#ÌÓÛÈȭɯ3ÏÌɯ×ÙÖ×ÖÚÌËɯ

ÚÜÉÙÌÎÐÖÕÚɯÈÙÌɯËÌÙÐÝÌËɯÍÙÖÔɯÖ×ÌÙÈÛÐÖÕÈÓɯÓÈÕËÚÊÈ×ÌɯÜÕÐÛÚɯȹ.+4ÚȺȮɯÞÏÐÊÏɯÈÙÌɯÈɯ

ÕÌÞÓàɯËÌÝÌÓÖ×ÌËɯ×ÓÈÕÕÐÕÎɯÛÖÖÓɯÍÖÙɯÓÈÕËÚÊÈ×ÌɪÚÊÈÓÌɯÌÊÖÚàÚÛÌÔɯÙÌÚÛÖÙÈÛÐÖÕɯÐÕɯÛÏÌɯ

#ÌÓÛÈɯȹ&ÙÌÕÐÌÙɯÈÕËɯ&ÙÖÚÚÐÕÎÌÙɯƖƔƕƗȺȭɯ3ÏÌɯ.+4ɯËÌÓÐÕÌÈÛÐÖÕÚɯÈÙÌɯÉÈÚÌËɯÖÕɯ

ÌÊÖÚàÚÛÌÔɯÍÜÕÊÛÐÖÕÚɯÈÕËɯ×ÏàÚÐÊÈÓɯËÙÐÝÌÙÚɯÚÜÊÏɯÈÚɯÞÈÛÌÙɯÚÖÜÙÊÌɯÈÕËɯÏàËÙÖÓÖÎàȰɯ

ÛÏÌÙÌÍÖÙÌȮɯÛÏÌÙÌɯÐÚɯÈɯÔÌÊÏÈÕÐÚÛÐÊɯÓÐÕÒÈÎÌɯÈÕËɯÚÊÐÌÕÛÐŗÊɯÍÖÜÕËÈÛÐÖÕɯÍÖÙɯÛÏÌÐÙɯÜÚÌɯÐÕɯ

ÛÏÌɯÊÖÕÛÌßÛɯÖÍɯÕÜÛÙÐÌÕÛɯÊÖÕËÐÛÐÖÕÚɯÈÕËɯÊàÊÓÐÕÎȭɯ3ÏÌɯÙÌÝÐÌÞɯÈÓÚÖɯÊÖÕÊÓÜËÌËɯÛÏÈÛɯ

ÛÏÌɯ×ÙÖ×ÖÚÌËɯÚÜÉÙÌÎÐÖÕÚɯÈÙÌɯÊÖÔ×ÈÛÐÉÓÌɯÞÐÛÏɯÛÏÌɯ#,2ƖɯÏàËÙÖÓÖÎÐÊɯÔÖËÌÓɯÈÕËɯÐÕɯ

ÎÌÕÌÙÈÓɯÈÎÙÌÌÔÌÕÛɯÞÐÛÏɯÞÈÛÌÙɯØÜÈÓÐÛàɯÙÌÎÐÖÕÚɯÜÚÌËɯÉàɯÔÈÑÖÙɯÔÖÕÐÛÖÙÐÕÎɯ

×ÙÖÎÙÈÔÚȭɯ-ÖÛÌȯɯÐÕɯ×ÙÌ×ÈÙÐÕÎɯÚÖÔÌɯÔÖÙÌɯÙÌÊÌÕÛɯÔÖËÌÓÐÕÎɯÞÖÙÒɯËÌÚÊÙÐÉÌËɯÐÕɯÛÏÌɯ

#ÌÓÛÈɯ1,/ɯ-ÜÛÙÐÌÕÛÚɯ,ÖËÌÓÐÕÎɯÙÌ×ÖÙÛɯȹ)ÈÉÜÚÊÏɯÌÛɯÈÓȭɯƖƔƕƛȺȮɯÛÏÌɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈɯÐÚɯ

ÍÜÙÛÏÌÙɯËÐÝÐËÌËɯÐÕÛÖɯ-ÖÙÛÏɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈɯÈÕËɯ2ÖÜÛÏɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈɯÛÖɯÉÌŲÌÙɯ

ÊÏÈÙÈÊÛÌÙÐáÌɯÙÌÎÐÖÕÈÓɯËÐřÌÙÌÕÊÌÚɯÐÕɯÞÈÛÌÙɯÚÖÜÙÊÌɯÈÕËɯÙÌËÜÊÌɯÔÖËÌÓɯÜÕÊÌÙÛÈÐÕÛàȭɯ

3ÏÐÚɯÚÜÉËÐÝÐÚÐÖÕɯÐÚɯÌß×ÌÊÛÌËɯÛÖɯÍÈÊÐÓÐÛÈÛÌɯÛÏÌɯÐÕÛÌÙ×ÙÌÛÈÛÐÖÕɯÖÍɯÕÜÛÙÐÌÕÛɯÔÖÕÐÛÖÙÐÕÎɯ

ÙÌÚÜÓÛÚȭɯ 

Ɩȭ  ÙÌɯÕÜÛÙÐÌÕÛɯÛÙÌÕËÚɯÈÕËɯÛÏÌÐÙɯ×ÖÛÌÕÛÐÈÓɯËÙÐÝÌÙÚɯËÐřÌÙÌÕÛɯÈÊÙÖÚÚɯ×ÙÖ×ÖÚÌËɯÚÜÉÙÌÎÐÖÕÚȳɯ ɯ

ÚÛÈÛÐÚÛÐÊÈÓɯÛÐÔÌɪÚÌÙÐÌÚɯÈÕÈÓàÚÐÚɯÞÈÚɯÌÔ×ÓÖàÌËɯÛÖɯÊÏÈÙÈÊÛÌÙÐáÌɯÕÜÛÙÐÌÕÛɯÝÈÙÐÈÉÐÓÐÛàɯ

ÞÐÛÏÐÕɯÈÕËɯÈÊÙÖÚÚɯÚÜÉÙÌÎÐÖÕÚɯÖÍɯÛÏÌɯ#ÌÓÛÈɯÈÕËɯÈÚÚÌÚÚɯÚÐÔÐÓÈÙÐÛÐÌÚɯÈÕËɯËÐřÌÙÌÕÊÌÚɯ

ÐÕɯÜÕËÌÙÓàÐÕÎɯËÙÐÝÌÙÚȭɯ3ÏÌɯÌÔ×ÓÖàÌËɯÔÌÛÏÖËɯÞÈÚɯÕÖÕɪÕÌÎÈÛÐÝÌɯÔÈÛÙÐßɯÍÈÊÛÖÙɯ

ȹ-,%ȺɯÈÕÈÓàÚÐÚȮɯÞÏÐÊÏɯÞÈÚɯÊÏÖÚÌÕɯÉÌÊÈÜÚÌɯÐÛɯÍÈÊÐÓÐÛÈÛÌÚɯ×ÏàÚÐÊÈÓɯÐÕÛÌÙ×ÙÌÛÈÛÐÖÕɯÖÍɯ

ËÌÛÌÊÛÌËɯÍÈÊÛÖÙÚɯÈÚɯ×ÖÛÌÕÛÐÈÓɯËÙÐÝÌÙÚɯÖÍɯÝÈÙÐÈÉÐÓÐÛàȭɯ 

3ÏÐÚɯ×ÈÙÛɯÖÍɯÛÏÌɯÚÛÜËàɯÌßÈÔÐÕÌËɯ×ÈŲÌÙÕÚɯÖÍɯÝÈÙÐÈÉÐÓÐÛàɯÐÕɯÕÜÛÙÐÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯ

ÈÕËɯÙÌÓÌÝÈÕÛɯÈÕÊÐÓÓÈÙàɯËÈÛÈɯÉÖÛÏɯÈÊÙÖÚÚɯÚÜÉÙÌÎÐÖÕÚȮɯÈÕËȮɯÞÏÌÕɯ×ÖÚÚÐÉÓÌȮɯÞÐÛÏÐÕɯ

ÚÜÉÙÌÎÐÖÕÚȭɯ3ÏÌɯÙÌÚÜÓÛÚɯÍÙÖÔɯÛÏÌɯ-,%ɯÈÕÈÓàÚÐÚɯÚÜÎÎÌÚÛɯÛÏÈÛɯÛÏÌÙÌɯÈÙÌɯÚÐÎÕÐŗÊÈÕÛɯ

ËÐřÌÙÌÕÊÌÚɯÐÕɯÛÏÌɯÙÌÓÈÛÐÝÌɯÐÔ×ÖÙÛÈÕÊÌɯÖÍɯÜÕËÌÙÓàÐÕÎɯËÙÐÝÌÙÚɯÖÍɯÕÜÛÙÐÌÕÛɯÊàÊÓÐÕÎɯ

ÈÊÙÖÚÚɯÚÜÉÙÌÎÐÖÕÚȮɯÞÏÐÊÏɯÚÜ××ÖÙÛÚɯÛÏÌɯÕÖÛÐÖÕɯÛÏÈÛɯÛÏÌÚÌɯÚÜÉÙÌÎÐÖÕÚɯÈÙÌɯÐÕËÌÌËɯ

ËÐÚÛÐÕÊÛɯÍÙÖÔɯÛÏÌɯ×ÌÙÚ×ÌÊÛÐÝÌɯÖÍɯÕÜÛÙÐÌÕÛɯÊàÊÓÐÕÎɯÈÕËɯÌÊÖÚàÚÛÌÔɯÙÌÚ×ÖÕÚÌɯÛÖɯ

ÕÜÛÙÐÌÕÛÚȭɯ3ÏÌɯ-,%ɯÈÕÈÓàÚÐÚɯËÌÛÌÊÛÌËɯÊÖÕÚÐËÌÙÈÉÓàɯËÐřÌÙÌÕÛɯ×ÈŲÌÙÕÚɯÖÍɯ

ÝÈÙÐÈÉÐÓÐÛàɯÍÖÙɯÕÜÛÙÐÌÕÛɪÙÌÓÈÛÌËɯ×ÈÙÈÔÌÛÌÙÚɯÉÌÛÞÌÌÕɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈɯÚÛÈÛÐÖÕÚȮɯ

ÚÜÎÎÌÚÛÐÕÎɯÛÏÌÙÌɯÈÙÌɯÐÔ×ÖÙÛÈÕÛɯËÐřÌÙÌÕÊÌÚɯÐÕɯÛÏÌɯÙÌÓÈÛÐÝÌɯÚÛÙÌÕÎÛÏɯÖÍɯÜÕËÌÙÓàÐÕÎɯ

ËÙÐÝÌÙÚɯÖÍɯÕÜÛÙÐÌÕÛɯÊàÊÓÐÕÎȭɯ(ÕɯÊÖÕÛÙÈÚÛȮɯ2ÜÐÚÜÕɯ!ÈàɯÞÈÚɯÍÖÜÕËɯÛÖɯÉÌɯÈɯÙÈÛÏÌÙɯ

ÏÖÔÖÎÌÕÌÖÜÚɯÚÜÉÙÌÎÐÖÕȮɯÞÐÛÏɯÚÐÔÐÓÈÙɯ×ÈŲÌÙÕÚɯÖÍɯÝÈÙÐÈÉÐÓÐÛàɯÖÉÚÌÙÝÌËɯÈÛɯÈÓÓɯÛÏÙÌÌɯ

ÚÛÈÛÐÖÕÚȭɯ ÉÚÖÓÜÛÌɯÕÜÛÙÐÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯËÐËɯËÐřÌÙɯÉÌÛÞÌÌÕɯ2ÜÐÚÜÕɯÚÛÈÛÐÖÕÚȰɯÉÜÛɯ



 

ƗƗ 

ÉÖÛÏɯÛÏÌɯÛÐÔÐÕÎɯÈÕËɯÛÏÌɯÙÌÓÈÛÐÝÌɯÔÈÎÕÐÛÜËÌɯÖÍɯÝÈÙÐÈÉÐÓÐÛàɯÞÌÙÌɯÚÐÔÐÓÈÙȭɯ3ÏÌɯ

×ÈŲÌÙÕÚɯÍÖÙɯÛÏÌɯ"ÖÕŘÜÌÕÊÌɯÈÕËɯ2ÖÜÛÏɯ#ÌÓÛÈɯÞÌÙÌɯÐÕÛÌÙÔÌËÐÈÛÌɯÉÌÛÞÌÌÕɯÛÏÌɯ

ÚÛÙÖÕÎɯÏÌÛÌÙÖÎÌÕÌÐÛàɯÖÉÚÌÙÝÌËɯÐÕɯÛÏÌɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈɯÈÕËɯÛÏÌɯÚÛÙÖÕÎɯÏÖÔÖÎÌÕÌÐÛàɯ

ÈÔÖÕÎɯ2ÜÐÚÜÕɯÚÛÈÛÐÖÕÚȭɯ3ÏÌɯÚ×ÈÛÐÈÓɯÝÈÙÐÈÉÐÓÐÛàɯÐÕɯÛÏÌɯ"ÖÕŘÜÌÕÊÌɯÈÕËɯ2ÖÜÛÏɯ#ÌÓÛÈɯ

ÚÜÉÙÌÎÐÖÕÚɯÈ××ÌÈÙÚɯÛÖɯÖÊÊÜÙɯÔÖÚÛÓàɯÈÓÖÕÎɯÎÙÈËÐÌÕÛÚɯÙÌ×ÙÌÚÌÕÛÐÕÎɯŘÖÞɯ×ÈÛÏÚɯȹÌȭÎȭȮɯ

ÐÕɯÛÏÌɯ"ÖÕŘÜÌÕÊÌɯÚÜÉÙÌÎÐÖÕɯÈÓÖÕÎɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙȺɯÖÙɯÎÙÈËÜÈÓÓàɯÊÏÈÕÎÐÕÎɯ

×ÌÙÐ×ÏÌÙÈÓɯÐÕŘÜÌÕÊÌÚɯȹÌȭÎȭȮɯÛÙÈÕÚÐÛÐÖÕɯÍÙÖÔɯ2ÈÊÙÈÔÌÕÛÖɯÛÖɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯ

ÐÕŘÜÌÕÊÌȺȭɯ 

2×ÈÛÐÈÓɯÝÈÙÐÈÉÐÓÐÛàɯÞÐÛÏÐÕɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙȮɯ-ÖÙÛÏɯ#ÌÓÛÈȮɯÈÕËɯ$ÈÚÛÚÐËÌɯ

ÚÜÉÙÌÎÐÖÕÚɯÊÖÜÓËɯÕÖÛɯÉÌɯÌÝÈÓÜÈÛÌËȮɯÉÌÊÈÜÚÌɯÛÏÌÙÌɯÐÚɯÖÕÓàɯÖÕÌɯ#61ɪ$,/ɯÞÈÛÌÙɯ

ØÜÈÓÐÛàɯÔÖÕÐÛÖÙÐÕÎɯÚÛÈÛÐÖÕɯÐÕɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯÚÜÉÙÌÎÐÖÕɯÈÕËɯÕÖÕÌɯÐÕɯÛÏÌɯ

-ÖÙÛÏɯ#ÌÓÛÈɯÈÕËɯ$ÈÚÛÚÐËÌɯÚÜÉÙÌÎÐÖÕÚȭɯ 

Ɨȭ (ÚɯÛÏÌɯÊÜÙÙÌÕÛɯÔÖÕÐÛÖÙÐÕÎɯËÌÚÐÎÕɯÚÜŚÊÐÌÕÛɯÛÖɯÊÏÈÙÈÊÛÌÙÐáÌɯÕÜÛÙÐÌÕÛɯÚÛÈÛÜÚɯÈÕËɯÛÙÌÕËÚɯÐÕɯ

×ÙÖ×ÖÚÌËɯÚÜÉÙÌÎÐÖÕÚȳɯ6Ìɯ×ÌÙÍÖÙÔÌËɯÏÐÚÛÖÙÐÊÈÓɯÛÙÌÕËɯÈÕÈÓàÚÐÚɯÈÕËɯÚÛÈÛÐÚÛÐÊÈÓɯ×ÖÞÌÙɯ

ÈÕÈÓàÚÐÚɯÛÖɯÌÝÈÓÜÈÛÌɯÛÏÌɯÊÈ×ÈÉÐÓÐÛàɯÖÍɯÛÏÌɯÊÜÙÙÌÕÛɯÔÖÕÐÛÖÙÐÕÎɯÕÌÛÞÖÙÒɯÛÖɯËÌÛÌÊÛɯ

ÓÖÕÎɪÛÌÙÔɯÛÙÌÕËÚȭɯ3ÏÌɯÏÐÚÛÖÙÐÊÈÓɯÛÙÌÕËɯÈÕÈÓàÚÐÚɯÌßÈÔÐÕÌËɯÐÍɯÛÙÌÕËÚɯÞÌÙÌɯËÌÛÌÊÛÌËɯ

ÞÐÛÏɯ#61ɪ$,/ɯÔÖÕÐÛÖÙÐÕÎɯËÈÛÈȭɯ3ÏÌɯ×ÖÞÌÙɯÈÕÈÓàÚÐÚɯÌÝÈÓÜÈÛÌËɯÞÏÌÛÏÌÙɯ

ÐÕÊÙÌÈÚÐÕÎɯÛÏÌɯÕÜÔÉÌÙɯÖÍɯÚÛÈÛÐÖÕÚɯÖÙɯÛÏÌɯÚÈÔ×ÓÐÕÎɯÍÙÌØÜÌÕÊàɯÞÐÓÓɯÚÐÎÕÐŗÊÈÕÛÓàɯ

ÐÔ×ÙÖÝÌɯÖÜÙɯÈÉÐÓÐÛàɯÛÖɯËÌÛÌÊÛɯÚÌÈÚÖÕÈÓȮɯÛÌÔ×ÖÙÈÓȮɯÈÕËɯÚ×ÈÛÐÈÓɯÛÙÌÕËÚȭɯ ɯÒÌàɯ

ÈÚÚÜÔ×ÛÐÖÕɯÍÖÙɯÛÏÐÚɯÈÕÈÓàÚÐÚɯÞÈÚɯÛÏÈÛɯÛÏÌɯ#61ɪ$,/ɯÞÖÜÓËɯÊÖÕÛÐÕÜÌɯÛÖɯÚÌÙÝÌɯÈÚɯ

ÈɯÊÖÙÌɯ×ÙÖÎÙÈÔɯÍÖÙɯÛÏÌɯÊÖÓÓÌÊÛÐÖÕɯÖÍɯÙÌÎÐÖÕÈÓɯÔÖÕÐÛÖÙÐÕÎɯËÈÛÈɯÍÖÙɯÕÜÛÙÐÌÕÛÚȭɯ6Ìɯ

Ú×ÌÊÐŗÊÈÓÓàɯÌßÈÔÐÕÌËɯȹÈȺɯÐÍɯÛÙÌÕËɯËÌÛÌÊÛÐÖÕɯÊÖÜÓËɯÉÌɯÐÔ×ÙÖÝÌËɯÉàɯÙÌÚÜÔÐÕÎɯ

ÔÖÕÐÛÖÙÐÕÎɯÖÍɯËÐÚÊÖÕÛÐÕÜÌËɯÚÛÈÛÐÖÕÚȰɯÈÕËɯȹÉȺɯÐÍɯÊÖÕÛÐÕÜÖÜÚɯÚÌÕÚÖÙɯÔÖÕÐÛÖÙÐÕÎɯ

ÊÖÜÓËɯ×ÙÖÝÐËÌɯÉÌŲÌÙɯÓÖÕÎɪÛÌÙÔɯÛÙÌÕËɯËÌÛÌÊÛÐÖÕɯÊÈ×ÈÉÐÓÐÛÐÌÚɯÛÏÈÕɯËÐÚÊÙÌÛÌɯÔÖÕÛÏÓàɯ

ÎÙÈÉɯÚÈÔ×ÓÐÕÎȭɯ 

 ɯÎÌÕÌÙÈÓɯÖÉÚÌÙÝÈÛÐÖÕɯÐÚɯÛÏÈÛɯÛÏÌɯÊÜÙÙÌÕÛɯ#61ɪ$,/ɯÚÈÔ×ÓÐÕÎɯËÖÌÚɯÕÖÛɯÊÖÝÌÙɯÈÓÓɯ

×ÙÖ×ÖÚÌËɯÚÜÉÙÌÎÐÖÕÚȮɯÈÕËɯÛÏÜÚȮɯÊÈÕÕÖÛɯÉÌɯÊÖÕÚÐËÌÙÌËɯÚÜŚÊÐÌÕÛɯÛÖɯÊÏÈÙÈÊÛÌÙÐáÌɯ

ÕÜÛÙÐÌÕÛɯÚÛÈÛÜÚɯÈÕËɯÛÙÌÕËÚɯÐÕɯÈÓÓɯÚÜÉÙÌÎÐÖÕÚȭɯ3ÏÌÙÌɯÈÙÌɯÊÜÙÙÌÕÛÓàɯÕÖɯ#61ɪ$,/ɯ

ÚÈÔ×ÓÐÕÎɯÚÛÈÛÐÖÕÚɯÐÕɯÛÏÌɯ-ÖÙÛÏɯ#ÌÓÛÈɯÈÕËɯÛÏÌɯ$ÈÚÛÚÐËÌȭɯ3ÏÌɯ4ȭ2ȭɯ&ÌÖÓÖÎÐÊÈÓɯ

2ÜÙÝÌàɯȹ42&2ȺɯÏÈÚɯÐÕÚÛÈÓÓÌËɯƙɯÔÖÖÙÌËɯÚÌÕÚÖÙÚɯÐÕɯÛÏÌɯ-ÖÙÛÏɯ#ÌÓÛÈɯÛÏÈÛɯÈÙÌɯ

ÎÌÕÌÙÈÛÐÕÎɯËÈÛÈɯÚÐÕÊÌɯ ÜÎÜÚÛɯƖƔƕƗɯȹÚÌÌɯ2ÌÊÛÐÖÕɯƗȭƗɯÍÖÙɯÈËËÐÛÐÖÕÈÓɯËÌÛÈÐÓÚȺȭɯ

'ÖÞÌÝÌÙȮɯÛÏÌÚÌɯÚÌÕÚÖÙÚɯËÖɯÕÖÛɯÊÖÔ×ÓÌÛÌÓàɯŗÓÓɯÛÏÌɯÎÈ×ȮɯÉÌÊÈÜÚÌɯÛÏÌàɯÊÜÙÙÌÕÛÓàɯ

ÖÕÓàɯÔÌÈÚÜÙÌɯÕÐÛÙÈÛÌɯÈÕËɯÕÖÕÌɯÖÍɯÛÏÌɯÖÛÏÌÙɯÕÜÛÙÐÌÕÛɯÝÈÙÐÈÉÓÌÚȮɯÚÜÊÏɯÈÚɯ

ÈÔÔÖÕÐÜÔɯÖÙɯËÐÚÚÖÓÝÌËɯÖÙÛÏÖ×ÏÖÚ×ÏÈÛÌȭɯ.ÛÏÌÙɯ×ÙÖÎÙÈÔÚɯÈÙÌɯÔÖÕÐÛÖÙÐÕÎɯ

ÕÜÛÙÐÌÕÛÚɯÈÛɯÚÛÈÛÐÖÕÚɯÓÖÊÈÛÌËɯÐÕɯÛÏÌɯ-ÖÙÛÏɯ#ÌÓÛÈɯÈÕËɯ$ÈÚÛÚÐËÌȮɯÉÜÛɯÛÏÌÐÙɯÔÖÕÐÛÖÙÐÕÎɯ

ÐÚɯÊÜÙÙÌÕÛÓàɯÕÖÛɯÊÖÖÙËÐÕÈÛÌËɯÞÐÛÏɯÛÏÌɯ#61ɪ$,/ɯÐÕɯÛÌÙÔÚɯÖÍɯ×ÈÙÈÔÌÛÌÙÚɯ

ÈÕÈÓàáÌËȮɯÍÙÌØÜÌÕÊàɯÈÕËɯÛÐÔÐÕÎɯÖÍɯÚÈÔ×ÓÐÕÎȮɯÈÕËɯÊÖÔ×ÈÙÈÉÐÓÐÛàɯÖÍɯËÈÛÈȭɯ 



 

ƗƘ 

Ƙȭ 3ÏÌɯÙÌÚÜÓÛÚɯÍÙÖÔɯÛÏÌɯÏÐÚÛÖÙÐÊɯÛÙÌÕËÚɯÈÕÈÓàÚÌÚɯÈÕËɯÈÓÚÖɯÍÙÖÔɯÛÏÌɯ×ÖÞÌÙɯÈÕÈÓàÚÐÚɯ

ÚÜÎÎÌÚÛɯÛÏÈÛɯÈËËÐÕÎɯÔÖÙÌɯËÐÚÊÙÌÛÌɯÚÐÛÌÚɯÊÖÜÓËɯÉÌɯÉÌÕÌŗÊÐÈÓɯÍÖÙɯÈɯÍÌÞɯ×ÈÙÈÔÌÛÌÙÚɯ

ÈÕËɯÚÜÉÙÌÎÐÖÕÚɯÛÖɯÐÔ×ÙÖÝÌɯÛÏÌɯÈÉÐÓÐÛàɯÛÖɯËÌÛÌÊÛɯÙÌÎÐÖÕÈÓɯÖÙɯÚÜÉɪÙÌÎÐÖÕÈÓɯÓÖÕÎɪ

ÛÌÙÔɯÛÙÌÕËÚȭɯ(ÕɯÏÐÚÛÖÙÐÊɯÛÙÌÕËɯÈÕÈÓàÚÌÚɯȹÜÚÐÕÎɯÙÌÎÐÖÕÈÓɯ*ÌÕËÈÓÓɯÛÌÚÛÚȺȮɯÙÌÚÜÓÛÚɯÞÌÙÌɯ

ÕÌÈÙÓàɯÐËÌÕÛÐÊÈÓɯÞÏÌÕɯÈÊÛÐÝÌɯÚÐÛÌÚɯÈÕËɯÈÓÓɯÚÐÛÌÚɯȹÈÊÛÐÝÌɯ×ÓÜÚɯËÐÚÊÖÕÛÐÕÜÌËȮɯ×ÙÌɪƕƝƝƙɯ

ËÈÛÈȺɯÞÌÙÌɯÛÌÚÛÌËɯȹ%ÐÎÜÙÌɯƙƙȺȭɯ ÓÛÏÖÜÎÏɯÖÕÌɯ×ÖÛÌÕÛÐÈÓɯÐÕÛÌÙ×ÙÌÛÈÛÐÖÕɯÖÍɯÛÏÐÚɯ

ÊÖÔ×ÈÙÐÚÖÕɯÐÚɯÛÏÈÛɯÛÏÌɯËÐÚÊÖÕÛÐÕÜÌËɯÚÛÈÛÐÖÕÚɯÞÖÜÓËɯÕÖÛɯÏÈÝÌɯÐÕŘÜÌÕÊÌËɯÖÜÙɯ

ÐÕÛÌÙ×ÙÌÛÈÛÐÖÕɯÖÍɯÛÙÌÕËÚȮɯ×ÖÞÌÙɯÈÕÈÓàÚÐÚɯÙÌÚÜÓÛÚɯ×ÙÖÝÐËÌɯÈɯËÐřÌÙÌÕÛɯ×ÌÙÚ×ÌÊÛÐÝÌȭɯ

3ÏÌɯ×ÖÞÌÙɯÈÕÈÓàÚÐÚȮɯÉÈÚÌËɯÖÕɯÈÕɯÈÚÚÜÔÌËɯÊÙÐÛÌÙÐÖÕɯÖÍɯËÌÛÌÊÛÐÕÎɯÈɯƙƔǔɯÊÏÈÕÎÌɯ

ÖÝÌÙɯƕƔɯàÌÈÙÚȮɯÚÜÎÎÌÚÛÚɯÛÏÈÛɯÔÖÕÛÏÓàɯÞÈÛÌÙɯØÜÈÓÐÛàɯÔÖÕÐÛÖÙÐÕÎɯÚÏÖÜÓËɯÉÌɯ

ÙÌÚÜÔÌËɯÈÛɯÚÖÔÌɯÖÍɯÛÏÌɯËÌÈÊÛÐÝÈÛÌËɯÚÛÈÛÐÖÕÚɯÐÕɯÖÙËÌÙɯÛÖɯÏÈÝÌɯÚÜŚÊÐÌÕÛɯÚÛÈÛÐÚÛÐÊÈÓɯ

×ÖÞÌÙɯÛÖɯËÌÛÌÊÛɯÛÙÌÕËÚɯÍÖÙɯÈÔÔÖÕÐÈɯÈÕËɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯÐÕɯÚÖÔÌɯÚÜÉÙÌÎÐÖÕÚɯ

ȹ%ÐÎÜÙÌɯƙƚȺȭ 

ƙȭ /ÖÞÌÙɯÈÕÈÓàÚÐÚɯÙÌÚÜÓÛÚɯÍÜÙÛÏÌÙɯÚÜÎÎÌÚÛɯÛÏÈÛɯÚÛÙÈÛÌÎÐÊÈÓÓàɯ×ÓÈÊÌËɯÏÐÎÏɪÍÙÌØÜÌÕÊàɯ

ÚÌÕÚÖÙÚɯÏÈÝÌɯÛÏÌɯ×ÖÛÌÕÛÐÈÓɯÛÖɯÚÐÎÕÐŗÊÈÕÛÓàɯÐÔ×ÙÖÝÌɯÛÙÌÕËɯËÌÛÌÊÛÐÖÕɯÊÈ×ÈÉÐÓÐÛÐÌÚɯ

ÍÖÙɯÛÏÖÚÌɯ×ÈÙÈÔÌÛÌÙÚɯÍÖÙɯÞÏÐÊÏɯÙÌÓÐÈÉÓÌɯÚÌÕÚÖÙÚɯÈÙÌɯÈÝÈÐÓÈÉÓÌȮɯÚÜÊÏɯÈÚɯÊÏÓÖÙÖ×ÏàÓÓɪ

ÈɯÈÕËɯÕÐÛÙÈÛÌɯȹ%ÐÎÜÙÌɯƙƛȺȭɯ!ÌÊÈÜÚÌɯÚÌÕÚÖÙÚɯËÖɯÕÖÛɯÊÈ×ÛÜÙÌɯÈÓÓɯÛÏÌɯÝÈÙÐÈÉÓÌÚɯÖÍɯ

ÐÕÛÌÙÌÚÛȮɯÔÖÕÛÏÓàɯÞÈÛÌÙɯØÜÈÓÐÛàɯÚÈÔ×ÓÐÕÎɯÚÐÛÌÚɯÚÏÖÜÓËɯÉÌɯÊÖɪÓÖÊÈÛÌËɯÞÐÛÏɯ

ÊÖÕÛÐÕÜÖÜÚɯÚÌÕÚÖÙÚȭɯ 

ƚȭ (ÚɯÛÏÌɯÊÜÙÙÌÕÛɯÔÖÕÐÛÖÙÐÕÎɯÙÌ×ÙÌÚÌÕÛÈÛÐÝÌɯÖÍɯËÐřÌÙÌÕÛɯÈØÜÈÛÐÊɯÏÈÉÐÛÈÛɯÛà×ÌÚȳɯ3ÏÌɯÚÛÜËàɯ

ÐÕÊÓÜËÌËɯÈɯÙÖÜÎÏɯÖÝÌÙÓÈàɯÖÍɯÌßÐÚÛÐÕÎɯÔÖÕÐÛÖÙÐÕÎɯÚÛÈÛÐÖÕÚɯÞÐÛÏɯÍÖÜÙɯÏÈÉÐÛÈÛɯ

ÊÈÛÌÎÖÙÐÌÚȯɯËÌÌ×ɯÞÈÛÌÙȮɯÚÏÈÓÓÖÞɯÞÈÛÌÙȮɯËÌÈËɪÌÕËɯÚÓÖÜÎÏÚȮɯÈÕËɯÞÌÛÓÈÕËɤÙÐ×ÈÙÐÈÕȭɯ

3ÏÐÚɯ×ÙÌÓÐÔÐÕÈÙàɯÌÝÈÓÜÈÛÐÖÕɯÚÜÎÎÌÚÛÚɯÚÐÎÕÐŗÊÈÕÛɯËÈÛÈɯÎÈ×ÚɯÐÕɯÛÌÙÔÚɯÖÍɯÈØÜÈÛÐÊɯ

ÏÈÉÐÛÈÛɯÊÖÝÌÙÈÎÌȭɯ!àɯËÌÚÐÎÕȮɯÊÜÙÙÌÕÛɯÔÖÕÐÛÖÙÐÕÎɯËÖÌÚɯÕÖÛɯÌÝÌÕÓàɯÊÖÝÌÙɯÈÓÓɯÈØÜÈÛÐÊɯ

ÏÈÉÐÛÈÛɯÛà×ÌÚȭɯ"ÙÐÛÐÊÈÓÓàȮɯÛÏÌÙÌɯÈÙÌɯÊÜÙÙÌÕÛÓàɯÕÖɯ×ÙÖÎÙÈÔÚɯÛÖɯÚàÚÛÌÔÈÛÐÊÈÓÓàɯ

ÔÖÕÐÛÖÙÐÕÎɯÕÜÛÙÐÌÕÛÚɯÐÕɯ#ÌÓÛÈɯÞÌÛÓÈÕËÚȭɯ%ÜÙÛÏÌÙȮɯÛÏÌÙÌɯÐÚɯÕÖɯÚàÚÛÌÔÈÛÐÊɯ

ÔÖÕÐÛÖÙÐÕÎɯÖÍɯËÌÈËɪÌÕËɯÚÓÖÜÎÏÚɯÈÕËɯÚÏÈÓÓÖÞɯÔÈÙÎÐÕɯÈÙÌÈÚȭɯ 

Significance  

¶ 2ÜÉÙÌÎÐÖÕÚȭɯ$ÐÎÏÛɯÚÜÉÙÌÎÐÖÕÚɯȹ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙȮɯ-ÖÙÛÏɯ#ÌÓÛÈȮɯ$ÈÚÛÚÐËÌȮɯ2ÜÐÚÜÕɯ

!ÈàȮɯ-ÖÙÛÏɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈȮɯ2ÖÜÛÏɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈȮɯ2ÖÜÛÏɯ#ÌÓÛÈȮɯ"ÖÕŘÜÌÕÊÌȮɯÈÕËɯ

2ÜÐÚÜÕɯ!ÈàȺɯ×ÙÖÝÐËÌɯÈɯÎÖÖËɯÚÛÈÙÛÐÕÎɯ×ÖÐÕÛɯÍÖÙɯÚÛÈÛÜÚɯÈÕËɯÛÙÌÕËÚɯÔÖÕÐÛÖÙÐÕÎɯÖÍɯ

ÕÜÛÙÐÌÕÛɪÙÌÓÈÛÌËɯ×ÈÙÈÔÌÛÌÙÚȭɯ3ÏÌɯÌßÐÚÛÐÕÎɯ#61ɪ$,/ɯÔÖÕÐÛÖÙÐÕÎɯ×ÙÖÎÙÈÔɯÏÈÚɯÈÛɯ

ÓÌÈÚÛɯÖÕÌɯÚÛÈÛÐÖÕɯÐÕɯƚɯÖÍɯÛÏÌÚÌɯƜɯÙÌÎÐÖÕÚɯÉÜÛɯÖÕÓàɯÐÕɯÛÏÌɯËÌÌ×ɪÞÈÛÌÙɯÏÈÉÐÛÈÛÚȮɯÕÖÛɯ

ÞÌÛÓÈÕËɯÈÙÌÈÚȭɯ 

¶ 3ÙÌÕËɯËÌÛÌÊÛÐÖÕȭɯ3ÏÌɯÌßÐÚÛÐÕÎɯÔÖÕÛÏÓàɯÔÖÕÐÛÖÙÐÕÎɯ×ÙÖÎÙÈÔɯÊÈÕȮɯÐÕɯÎÌÕÌÙÈÓȮɯËÌÛÌÊÛɯ

ÈɯÛÙÌÕËɯÖÍɯƙƔǔɯÊÏÈÕÎÌɯÖÝÌÙɯƕƔɯàÌÈÙÚɯÍÖÙɯÔÖÚÛɯ×ÈÙÈÔÌÛÌÙÚɯÐÕÝÌÚÛÐÎÈÛÌËɯÏÌÙÌȭɯ ɯ



 

Ɨƙ 

ƙƔǔɯÊÏÈÕÎÌɯÐÕɯÈɯÞÈÛÌÙɯØÜÈÓÐÛàɯ×ÈÙÈÔÌÛÌÙɯÙÌ×ÙÌÚÌÕÛÚɯÈɯÓÈÙÎÌɯÊÏÈÕÎÌɯÐÕɯÌÊÖÚàÚÛÌÔɯ

ÊÖÕËÐÛÐÖÕȮɯÈÕËɯÐÛɯÔÈàɯÉÌɯÕÌÊÌÚÚÈÙàɯÖÙɯËÌÚÐÙÈÉÓÌɯÛÖɯÐËÌÕÛÐÍàɯÚÔÈÓÓÌÙɯÛÙÌÕËÚȭ 

¶ 1ÌÊÖÔÔÌÕËÈÛÐÖÕÚȭɯ(Ô×ÙÖÝÌËɯÛÙÌÕËɯËÌÛÌÊÛÐÖÕɯÈ××ÌÈÙÚɯ×ÖÚÚÐÉÓÌɯÛÏÙÖÜÎÏɯÞÌÓÓɪ

×ÓÈÕÕÌËɯ×ÓÈÊÌÔÌÕÛɯÖÍɯÚÌÕÚÖÙÚɯÍÖÙɯÕÐÛÙÈÛÌȮɯÊÏÓÖÙÖ×ÏàÓÓɪÈȮɯÈÕËɯ×ÖÚÚÐÉÓàɯÖÛÏÌÙɯ

×ÈÙÈÔÌÛÌÙÚɯÛÏÈÛɯÊÈÕɯÉÌɯÔÌÈÚÜÙÌËɯÞÐÛÏɯÏÐÎÏɪÍÙÌØÜÌÕÊàɯÐÕɪÚÐÛÜɯÚÌÕÚÖÙÚȭɯ3ÖɯÉÌÚÛɯ

ÊÈ×ÛÜÙÌɯÕÜÛÙÐÌÕÛɯÝÈÙÐÈÉÐÓÐÛàɯÈÕËɯÛÙÌÕËÚɯÈÊÙÖÚÚɯÈÕËɯÞÐÛÏÐÕɯ×ÙÖ×ÖÚÌËɯÚÜÉÙÌÎÐÖÕÚȮɯÈɯ

ÚÌÕÚÖÙɯÕÌÛÞÖÙÒɯÈÕËɯÈɯËÐÚÊÙÌÛÌɯÚÈÔ×ÓÐÕÎɯ×ÙÖÎÙÈÔɯÚÏÖÜÓËɯÉÌɯ×ÓÈÕÕÌËɯÛÖɯ

ÊÖÔ×ÓÌÔÌÕÛɯÌÈÊÏɯÖÛÏÌÙȭɯ,ÖËÌÓÐÕÎȮɯÈËÝÈÕÊÌËɯÚÛÈÛÐÚÛÐÊÈÓɯÈÕÈÓàÚÌÚȮɯÈÕËɯÛÈÙÎÌÛÌËɯ

ÔÖÕÐÛÖÙÐÕÎɯÚÏÖÜÓËɯÉÌɯÜÚÌËɯÛÖɯ×ÓÈÕɯÈÕËɯÖ×ÛÐÔÐáÌɯÛÏÌɯÔÖÕÐÛÖÙÐÕÎɯ×ÙÖÎÙÈÔȭɯ 
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3.3 Planning and operating a high frequency nutrient and 

biogeochemistry monitoring network: the Sacramento-San 

Joaquin Delta 

Project Team 

42&2ɯ"ÈÓÐÍÖÙÕÐÈɯ6ÈÛÌÙɯ2ÊÐÌÕÊÌɯ"ÌÕÛÌÙɯȹ" 62"Ⱥɯ!ÐÖÎÌÖÊÏÌÔÐÚÛÙàɯ&ÙÖÜ× 

Funding 

#ÌÓÛÈɯ1ÌÎÐÖÕÈÓɯ,ÖÕÐÛÖÙÐÕÎɯ/ÙÖÎÙÈÔ 

References 

*ÙÈÜÚɯ3ȭ$ȭ"ȭȮɯ!ȭ ȭɯ!ÌÙÎÈÔÈÚÊÏÐȮɯÈÕËɯ!ȭ#ȭɯ#ÖÞÕÐÕÎȭɯƖƔƕƛȭɯ ÕɯÐÕÛÙÖËÜÊÛÐÖÕɯÛÖɯÏÐÎÏɪ

ÍÙÌØÜÌÕÊàɯÕÜÛÙÐÌÕÛɯÔÖÕÐÛÖÙÐÕÎɯÍÖÙɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɪ2ÈÕɯ)ÖÈØÜÐÕɯ#ÌÓÛÈȮɯÕÖÙÛÏÌÙÕɯ"ÈÓÐÍÖÙÕÐÈȭɯ

4ȭ2ȭ &ÌÖÓÖÎÐÊÈÓɯ2ÜÙÝÌàɯ.×ÌÕɯ%ÐÓÌɯ1Ì×ÖÙÛɯƖƔƕƛɪƙƔƛƕȭɯ4ȭ2ȭɯ&ÌÖÓÖÎÐÊÈÓɯ2ÜÙÝÌàȮɯ1ÌÚÛÖÕȮɯ

5ÐÙÎÐÕÐÈȭɯÏŲ×Úȯɤɤ×ÜÉÚȭÌÙȭÜÚÎÚȭÎÖÝɤ×ÜÉÓÐÊÈÛÐÖÕɤÚÐÙƖƔƕƛƙƔƛƕɯ 

#ÖÞÕÐÕÎɯ!ȭ#ȭȮɯ!ȭ ȭɯ!ÌÙÎÈÔÈÚÊÏÐȮɯÈÕËɯ3ȭ$ȭ"ȭɯ*ÙÈÜÚȭɯƖƔƕƛȭɯ2àÕÛÏÌÚÐÚɯÖÍɯÏÐÎÏɪÍÙÌØÜÌÕÊàɯ

ÕÜÛÙÐÌÕÛɯÈÕËɯÈÚÚÖÊÐÈÛÌËɯÉÐÖÎÌÖÊÏÌÔÐÊÈÓɯÔÖÕÐÛÖÙÐÕÎɯÐÕɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɪ2ÈÕɯ)ÖÈØÜÐÕɯ#ÌÓÛÈȮɯ

ÕÖÙÛÏÌÙÕɯ"ÈÓÐÍÖÙÕÐÈȭɯ4ȭ2ȭɯ&ÌÖÓÖÎÐÊÈÓɯ2ÜÙÝÌàɯ.×ÌÕɯ%ÐÓÌɯ1Ì×ÖÙÛɯƖƔƕƛɪƙƔƚƚȭɯ4ȭ2ȭɯ

&ÌÖÓÖÎÐÊÈÓɯ2ÜÙÝÌàȮɯ1ÌÚÛÖÕȮɯ5ÐÙÎÐÕÐÈȭɯ

ÏŲ×Úȯɤɤ×ÜÉÚȭÌÙȭÜÚÎÚȭÎÖÝɤ×ÜÉÓÐÊÈÛÐÖÕɤÚÐÙƖƔƕƛƙƔƚƚɯ 

!ÌÙÎÈÔÈÚÊÏÐɯ!ȭ ȭȮɯ!ȭ#ȭɯ#ÖÞÕÐÕÎȮɯ3ȭ$ȭ"ȭɯ*ÙÈÜÚȮɯÈÕËɯ!ȭ ȭɯ/ÌÓÓÌÙÐÕȭɯƖƔƕƛȭɯ#ÌÚÐÎÕÐÕÎɯÈɯÏÐÎÏɪ

ÍÙÌØÜÌÕÊàɯÕÜÛÙÐÌÕÛɯÈÕËɯÉÐÖÎÌÖÊÏÌÔÐÚÛÙàɯÔÖÕÐÛÖÙÐÕÎɯÕÌÛÞÖÙÒȯɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɪ2ÈÕɯ)ÖÈØÜÐÕɯ

#ÌÓÛÈȮɯÕÖÙÛÏÌÙÕɯ"ÈÓÐÍÖÙÕÐÈȭɯ4ȭ2ȭɯ&ÌÖÓÖÎÐÊÈÓɯ2ÜÙÝÌàɯ.×ÌÕɯ%ÐÓÌɯ1Ì×ÖÙÛɯƖƔƕƛɪƙƔƙƜȭɯ4ȭ2ȭɯ

&ÌÖÓÖÎÐÊÈÓɯ2ÜÙÝÌàȮɯ1ÌÚÛÖÕȮɯ5ÐÙÎÐÕÐÈȭɯ

ÏŲ×Úȯɤɤ×ÜÉÚȭÌÙȭÜÚÎÚȭÎÖÝɤ×ÜÉÓÐÊÈÛÐÖÕɤÚÐÙƖƔƕƛƙƔƙƜ 

Approach 

6ÐÛÏɯÍÜÕËÐÕÎɯÍÙÖÔɯÛÏÌɯ#ÌÓÛÈɯ1,/ȮɯÚÊÐÌÕÛÐÚÛÚɯÍÙÖÔɯÛÏÌɯ42&2ɯ" 62"ɯ!ÐÖÎÌÖÊÏÌÔÐÚÛÙàɯ

&ÙÖÜ×ɯ×ÙÌ×ÈÙÌËɯÈɯÚÌÙÐÌÚɯÖÍɯÛÏÙÌÌɯÙÌ×ÖÙÛÚɯÛÏÈÛɯ×ÙÖÝÐËÌɯÐÕÍÖÙÔÈÛÐÖÕɯÈÉÖÜÛɯÏÐÎÏɯÍÙÌØÜÌÕÊàɯ

ȹ'%ȺɯÕÜÛÙÐÌÕÛɯÈÕËɯÉÐÖÎÌÖÊÏÌÔÐÊÈÓɯÔÖÕÐÛÖÙÐÕÎɯÐÕɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɪ2ÈÕɯ)ÖÈØÜÐÕɯ#ÌÓÛÈȭɯ3ÏÌɯ

ŗÙÚÛɯÙÌ×ÖÙÛɯÐÕɯÛÏÌɯÚÌÙÐÌÚɯȹ*ÙÈÜÚɯÌÛɯÈÓȭɯƖƔƕƚȺɯ×ÙÖÝÐËÌÚɯÈÕɯÐÕÛÙÖËÜÊÛÐÖÕɯÍÖÙɯÏÖÞɯÏÐÎÏɯ

ÍÙÌØÜÌÕÊàɯÔÌÈÚÜÙÌÔÌÕÛÚɯÊÜÙÙÌÕÛÓàɯÈÙÌɯÉÌÐÕÎɯÜÚÌËɯÐÕɯÛÏÌɯ#ÌÓÛÈɯÛÖɯÌßÈÔÐÕÌɯÛÏÌɯ

ÙÌÓÈÛÐÖÕÚÏÐ×ɯÉÌÛÞÌÌÕɯÕÜÛÙÐÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚȮɯÕÜÛÙÐÌÕÛɯÊàÊÓÐÕÎȮɯÈÕËɯÈØÜÈÛÐÊɯÏÈÉÐÛÈÛɯ

ÊÖÕËÐÛÐÖÕÚȭɯ3ÏÌɯÚÌÊÖÕËɯÙÌ×ÖÙÛɯȹ#ÖÞÕÐÕÎɯÌÛɯÈÓȭɯƖƔƕƚȺɯÚàÕÛÏÌÚÐáÌÚɯËÈÛÈɯÈÝÈÐÓÈÉÓÌɯÍÙÖÔɯÛÏÌɯ

ÕÜÛÙÐÌÕÛɯÈÕËɯÞÈÛÌÙɯØÜÈÓÐÛàɯÔÖÕÐÛÖÙÐÕÎɯÕÌÛÞÖÙÒɯÊÜÙÙÌÕÛÓàɯÖ×ÌÙÈÛÌËɯÉàɯÛÏÌɯ42&2ɯÐÕɯÛÏÌɯ

-ÖÙÛÏɯ#ÌÓÛÈɯÈÕËɯ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯÚÜÉÙÌÎÐÖÕÚɯȹ%ÐÎÜÙÌɯƙƜȺȭɯ3ÏÌɯÙÌÝÐÌÞɯÍÖÊÜÚÌËɯÖÕɯ'%ɯ

ËÈÛÈɯÖÍɯÕÐÛÙÈÛÌɯȹÔÎɤ+ɪ-ȺȮɯ#.ɯȹÔÎɤ+ȺȮɯÈÕËɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯȹϟÎɤ+ȺɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÊÖÓÓÌÊÛÌËɯ

ÈÛɯÛÏÌɯ42&2ɯÞÈÛÌÙɯØÜÈÓÐÛàɯÚÛÈÛÐÖÕÚɯÐÕɯÛÏÌɯ#ÌÓÛÈɯÖÝÌÙɯÛÞÖɯÞÈÛÌÙɯàÌÈÙÚȰɯ68ƖƔƕƘɯ

https://pubs.er.usgs.gov/publication/sir20175071
https://pubs.er.usgs.gov/publication/sir20175066
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ȹƕƔɤƕɤƖƔƕƗɬƝɤƗƔɤƕƘȺɯÈÕËɯ68ƖƔƕƙɯȹƕƔɤƕɤƖƔƕƘɬƝɤƗƔɤƕƙȺɯÛÖɯÐËÌÕÛÐÍàɯÐÔ×ÖÙÛÈÕÛɯÛÐÔÌÚÊÈÓÌÚɯÖÍɯ

ÝÈÙÐÈÉÐÓÐÛàȭɯ3ÏÌÚÌɯÛÞÖɯÞÈÛÌÙɯàÌÈÙÚɯÐÕÊÓÜËÌɯÛÏÌɯÎÙÌÈÛÌÚÛɯÕÜÔÉÌÙɯÖÍɯÚÛÈÛÐÖÕÚȮɯÈÓÓÖÞÐÕÎɯÛÖɯ

ÈÚÚÌÚÚɯÙÌÎÐÖÕÈÓɯ×ÈŲÌÙÕÚȭɯ3ÏÌɯÛÏÐÙËɯÙÌ×ÖÙÛɯÐÕɯÛÏÌɯÚÌÙÐÌÚɯȹ!ÌÙÎÈÔÈÚÊÏÐɯÌÛɯÈÓȭɯƖƔƕƚȺɯ×ÙÖÝÐËÌÚɯ

ÐÕÍÖÙÔÈÛÐÖÕɯÈÉÖÜÛɯÏÖÞɯÛÖɯËÌÚÐÎÕɯÏÐÎÏɯÍÙÌØÜÌÕÊàɯÕÜÛÙÐÌÕÛɯÈÕËɯÉÐÖÎÌÖÊÏÌÔÐÊÈÓɯ

ÔÖÕÐÛÖÙÐÕÎɯÍÖÙɯÈÚÚÌÚÚÔÌÕÛɯÖÍɯÕÜÛÙÐÌÕÛɯÐÕ×ÜÛÚɯÈÕËɯËàÕÈÔÐÊÚɯÞÐÛÏÐÕɯÛÏÌɯ#ÌÓÛÈȭɯ3ÏÌɯÛÏÐÙËɯ

ÙÌ×ÖÙÛɯÈÓÚÖɯÐÕÊÓÜËÌÚɯÛÏÙÌÌɯÌßÈÔ×ÓÌɯÕÜÛÙÐÌÕÛɯÔÖÕÐÛÖÙÐÕÎɯÕÌÛÞÖÙÒɯËÌÚÐÎÕÚɯÍÖÙɯÛÏÌɯ#ÌÓÛÈɯ

ÈÕËɯËÐÚÊÜÚÚÌÚɯÏÖÞɯÛÏÌàɯÞÖÜÓËɯÈËËÙÌÚÚɯÏÐÎÏɯ×ÙÐÖÙÐÛàɯØÜÌÚÛÐÖÕÚɯÐËÌÕÛÐŗÌËɯÉàɯÛÏÌɯ#ÌÓÛÈɯ

1ÌÎÐÖÕÈÓɯ,ÖÕÐÛÖÙÐÕÎɯ/ÙÖÎÙÈÔȭ 

Key Findings 

ƕȭ  ŲÙÐÉÜÛÌÚɯÖÍɯÈɯ'ÐÎÏɯ%ÙÌØÜÌÕÊàɯ-ÜÛÙÐÌÕÛɯ,ÖÕÐÛÖÙÐÕÎɯ-ÌÛÞÖÙÒɯÍÖÙɯÛÏÌɯ#ÌÓÛÈɯȹÍÙÖÔɯ

*ÙÈÜÚɯÌÛɯÈÓȭɯƖƔƕƚȺ 

 

Ɩȭ 2ÌÈÚÖÕÈÓȮɯÐÕÛÌÙɪÈÕÕÜÈÓɯÈÕËɯÚ×ÈÛÐÈÓɯÝÈÙÐÈÉÐÓÐÛàɯÐÕɯÔÖÕÛÏÓàɯÈÝÌÙÈÎÌÚȭɯ3ÖɯÈÚÚÌÚÚɯÚÌÈÚÖÕÈÓɯ

ÞÈÛÌÙɯØÜÈÓÐÛàɯ×ÈŲÌÙÕÚɯÈÕËɯÙÌÓÈÛÌËɯÚ×ÈÛÐÈÓɯ×ÈŲÌÙÕÚɯÐÕɯÛÏÌɯ#ÌÓÛÈȮɯÛÏÌɯ'%ɯËÈÛÈɯÞÈÚɯ

ÈÎÎÙÌÎÈÛÌËɯÍÖÙɯÌÈÊÏɯÚÛÈÛÐÖÕɯÉàɯÔÖÕÛÏɯȹ%ÐÎÜÙÌɯƙƝȺȭ 
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 ȭ -ÐÛÙÈÛÌȭɯ3ÏÌɯÈÜÛÏÖÙÚɯÖÉÚÌÙÝÌËɯÛÏÈÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÞÌÙÌɯÎÌÕÌÙÈÓÓàɯÓÖÞÌÙɯÐÕɯ

ÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯÈÛɯ%ÙÌÌ×ÖÙÛɯȹ%/3ȺȮɯÐÕÊÙÌÈÚÐÕÎɯËÖÞÕÚÛÙÌÈÔɯÛÖɯÛÏÌɯ

ÓÖÞÌÙɯ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯÈÛɯ#ÌÊÒÌÙɯ(ÚÓÈÕËɯȹ#$"Ⱥȭɯ"ÖÕÊÌÕÛÙÈÛÐÖÕÚɯÖÍɯÕÐÛÙÈÛÌɯ

ÈÙÌɯÎÌÕÌÙÈÓÓàɯÏÐÎÏÌÙɯÈÛɯÛÏÌɯ-ÖÙÛÏɯ#ÌÓÛÈɯÚÐÛÌÚɯȹ+(!Ȯɯ""'Ȯɯ+"3Ȯɯ3.$ȺɯÈÕËɯ

×ÙÌÚÜÔÈÉÓàɯÙÌŘÌÊÛÐÝÌɯÖÍɯÕÐÛÙÐŗÊÈÛÐÖÕɯÖÍɯÞÈÚÛÌÞÈÛÌÙɪËÌÙÐÝÌËɯÈÔÔÖÕÐÜÔɯÈÚɯ

ÞÌÓÓɯÈÚɯÐÕ×ÜÛÚɯÖÍɯÕÐÛÙÈÛÌɯÍÙÖÔɯÜ×ÚÛÙÌÈÔɯÚÖÜÙÊÌÚɯËÜÙÐÕÎɯÚÛÖÙÔɯÌÝÌÕÛÚɯ

ȹ*ÌÕËÈÓÓɯÌÛɯÈÓȭɯƖƔƕƙȺȭɯ'ÐÎÏÌÚÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÞÌÙÌɯÎÌÕÌÙÈÓÓàɯÖÉÚÌÙÝÌËɯÐÕɯ

ÛÏÌɯÞÐÕÛÌÙɯÐÕɯÈÚÚÖÊÐÈÛÐÖÕɯÞÐÛÏɯÚÛÖÙÔɯÌÝÌÕÛÚɯÈÕËɯÏÐÎÏÌÙɯŘÖÞÚȮɯÉÜÛɯÛÏÌɯ

ÛÐÔÐÕÎɯÖÍɯÛÏÌɯ×ÌÈÒÚɯÐÚɯËÐřÌÙÌÕÛɯÉÌÛÞÌÌÕɯÚÛÈÛÐÖÕÚȰɯÛÏÌɯÏÐÎÏÌÚÛɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÛɯ%ÙÌÌ×ÖÙÛɯÈÕËɯ6ÈÓÕÜÛɯ&ÙÖÝÌɯÖÊÊÜÙɯËÈàÚɯÖÙɯÞÌÌÒÚɯÌÈÙÓÐÌÙɯ

ÛÏÈÕɯÛÏÖÚÌɯÈÛɯÚÛÈÛÐÖÕÚɯÐÕɯÛÏÌɯ-ÖÙÛÏɯ#ÌÓÛÈɯÈÕËɯ"ÖÕŘÜÌÕÊÌɯȹ#$"Ⱥȭɯ3ÏÌɯ

ÓÖÞÌÚÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÖÊÊÜÙɯÐÕɯÓÈÛÌɯÚÜÔÔÌÙɯÊÖÙÙÌÚ×ÖÕËÐÕÎɯÛÖɯÛÏÌɯ×ÌÈÒɯÐÕɯ

ÛÏÌɯÈÕÕÜÈÓɯÊàÊÓÌɯÖÍɯÛÌÔ×ÌÙÈÛÜÙÌȮɯÞÏÐÊÏɯÔÈàɯÉÌɯÈɯÙÌŘÌÊÛÐÖÕɯÖÍɯÏÐÎÏÌÙɯÙÈÛÌÚɯ

ÖÍɯÉÐÖÓÖÎÐÊÈÓÓàɯËÙÐÝÌÕɯÕÜÛÙÐÌÕÛɯÜ×ÛÈÒÌɯÈÕËɯËÌÕÐÛÙÐŗÊÈÛÐÖÕȭɯ3ÏÌÚÌɯÎÌÕÌÙÈÓɯ

ÛÙÌÕËÚɯÈÙÌɯÛÏÌɯÚÈÔÌɯÈÚɯÍÖÜÕËɯÉàɯ-ÖÝÐÊÒɯÌÛɯÈÓȭɯȹƖƔƕƙȺȮɯÞÏÖÚÌɯÙÌÚÜÓÛÚɯÈÙÌɯ

ËÌÚÊÙÐÉÌËɯÐÕɯ2ÌÊÛÐÖÕɯƗȭƕȭɯ 

!ȭ "ÏÓÖÙÖ×ÏàÓÓɪÈȭɯ"ÏÓÖÙÖ×ÏàÓÓɪÈɯŘÜÖÙÌÚÊÌÕÊÌɯȹ"ÏÓɪÈȺɯÌßÏÐÉÐÛÌËɯÚÌÈÚÖÕÈÓȮɯÐÕÛÌÙɪ

ÚÐÛÌȮɯÈÕËɯÐÕÛÌÙɪÈÕÕÜÈÓɯÝÈÙÐÈÉÐÓÐÛàɯ"ÏÓɪÈɯÛÌÕËÌËɯÛÖɯÉÌɯÏÐÎÏÌÙɯÐÕɯÛÏÌɯÞÐÕÛÌÙɯ

ÈÕËɯÌÈÙÓàɯÚ×ÙÐÕÎɯÐÕɯÛÏÌɯÜ××ÌÙɯ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯȹ%/3Ȯɯ6& ȺɯÈÕËɯÛÏÌɯÍÈÙɯ

ÕÖÙÛÏÌÙÕɯ#ÌÓÛÈɯÚÐÛÌÚɯȹ3.$Ȯɯ+(!Ⱥȭɯ3ÏÌɯÓÈÙÎÌɯÊÏÈÕÕÌÓɯÚÐÛÌÚɬ""'ɯÈÕËɯ#$"ɬ

ÏÈËɯÎÌÕÌÙÈÓÓàɯÓÖÞÌÙɯ"ÏÓɪÈɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚȭɯ ɯÚÜÉÚÛÈÕÛÐÈÓɯÞÐÛÏÐÕɪÔÖÕÛÏɯ

ÙÈÕÎÌɯÐÕɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÞÈÚɯÖÉÚÌÙÝÌËɯÈÛɯÔÖÚÛɯÚÐÛÌÚȮɯÐÕËÐÊÈÛÐÕÎɯÛÏÈÛɯ

ÔÖÕÛÏÓàɯÚÈÔ×ÓÐÕÎɯÏÈÚɯÓÐÔÐÛÌËɯÝÈÓÐËÐÛàȭɯ'ÐÎÏÌÙɯ"ÏÓɪÈɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÞÌÙÌɯ

ÕÖÛɯÈÓÞÈàÚɯÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯÏÐÎÏÌÙɯÕÐÛÙÈÛÌɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚȭɯ3ÏÌɯÈÜÛÏÖÙÚɯ

×ÖÐÕÛɯÖÜÛɯÛÏÈÛɯÛÏÌɯÙÌÓÈÛÐÖÕÚÏÐ×ɯÉÌÛÞÌÌÕɯÕÐÛÙÈÛÌɯÈÕËɯ"ÏÓɪÈɯÐÚɯÐÕÛÌÙɪÙÌÓÈÛÌËȭɯ

6ÏÐÓÌɯ×ÏàÛÖ×ÓÈÕÒÛÖÕɯÙÌØÜÐÙÌɯ-ɯÍÖÙɯ×ÙÐÔÈÙàɯ×ÙÖËÜÊÛÐÖÕȮɯÛÏÌàɯÈÓÚÖɯËÙÈÞɯ

ËÖÞÕɯÛÏÌɯÕÐÛÙÈÛÌɯÊÖÕÊÌÕÛÙÈÛÐÖÕȭɯ3ÏÌɯÈÜÛÏÖÙÚɯÍÜÙÛÏÌÙɯÈËÝÐÚÌɯÛÏÈÛɯÈɯ

×ÙÌËÐÊÛÈÉÓÌɯ×ÈŲÌÙÕɯÖÍɯÏÐÎÏɯÕÐÛÙÈÛÌɯÍÖÓÓÖÞÌËɯÉàɯÏÐÎÏɯ"ÏÓɪÈɯÈÕËɯÕÐÛÙÈÛÌɯ

ËÙÈÞËÖÞÕɯÐÚɯÕÖÛɯÕÌÊÌÚÚÈÙÐÓàɯÛÖɯÉÌɯÌß×ÌÊÛÌËȮɯËÜÌɯÛÖɯÛÏÌɯÊÖÔ×ÓÌßɯ

ÏàËÙÖËàÕÈÔÐÊÚɯÐÕɯÛÏÌɯ#ÌÓÛÈȮɯÝÈÙÐÈÉÐÓÐÛàɯÐÕɯÎÙÈáÐÕÎɯÙÈÛÌÚɯÉàɯáÖÖ×ÓÈÕÒÛÖÕɯ

ÈÕËɯÖÛÏÌÙɯÏÌÙÉÐÝÖÙÌÚȮɯÈÕËɯÖÛÏÌÙɯÍÈÊÛÖÙÚȭ 

"ȭ #ÐÚÚÖÓÝÌËɯ.ßàÎÌÕȭɯ%ÖÙɯ#.ȮɯÛÏÌɯÈÜÛÏÖÙÚɯÙÌ×ÖÙÛɯÈɯÊÓÌÈÙɯÚÌÈÚÖÕÈÓɯÚÐÎÕÈÓȮɯ

ÖÞÐÕÎɯÛÖɯÛÏÌɯÛÌÔ×ÌÙÈÛÜÙÌɪËÌ×ÌÕËÌÕÛɯÚÖÓÜÉÐÓÐÛàɯÖÍɯÖßàÎÌÕȮɯÚÌÈÚÖÕÈÓɯ

ÉÐÖÓÖÎÐÊÈÓɯ×ÙÖÊÌÚÚÌÚȮɯÈÕËɯÏàËÙÖËàÕÈÔÐÊɯÊÏÈÕÎÌÚȭɯ#.ɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯËÐ×ɯ

ÍÙÖÔɯÈÉÖÜÛɯƕƔɯÔÎɤ+ɯËÜÙÐÕÎɯÞÐÕÛÌÙɯÈÕËɯÚ×ÙÐÕÎɯÛÖɯÈɯÚÜÔÔÌÙɯ×ÈŲÌÙÕɯÖÍɯ

ÈÙÖÜÕËɯƜȭƔɯÔÎɤ+ȭɯ-ÌÝÌÙÛÏÌÓÌÚÚȮɯÚÖÔÌɯÚÐÛÌÚɯÚÏÖÞÌËɯÔÈÙÒÌËɯËÌÝÐÈÛÐÖÕɯÍÙÖÔɯ

ÛÏÐÚɯÚÌÈÚÖÕÈÓɯ×ÈŲÌÙÕȮɯÌÝÐËÌÕÛɯÌÝÌÕɯÈÛɯÛÏÌɯÔÖÕÛÏÓàɯÛÐÔÌɯÚÛÌ×ȭɯ3ÏÐÚɯÚÜÎÎÌÚÛÚɯ

ÛÏÈÛɯÖÛÏÌÙɯ×ÙÖÊÌÚÚÌÚɯÛÏÈÛɯ×ÙÖËÜÊÌɯÖßàÎÌÕɯȹ×ÏÖÛÖÚàÕÛÏÌÚÐÚȺɯÖÙɯÛÏÈÛɯ

ÊÖÕÚÜÔÌɯÖßàÎÌÕɯȹÙÌÚ×ÐÙÈÛÐÖÕȮɯËÌÊÖÔ×ÖÚÐÛÐÖÕȮɯÈÕËɯÕÐÛÙÐŗÊÈÛÐÖÕȺɯÈÙÌɯ



 

ƗƝ 

ËÖÔÐÕÈÕÛɯÊÖÕÛÙÖÓÚɯÖÕɯ#.ɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÈÛɯÛÏÌÚÌɯÚÐÛÌÚȭɯ2ÐÛÌÚɯÐÕɯÛÏÌɯ

ÕÖÙÛÏÌÙÕɯ#ÌÓÛÈɯȹ+"3Ȯɯ3.$ȺɯÚÏÖÞÌËɯÝÈÓÜÌÚɯÓÖÞÌÙɯÛÏÈÕɯÛÏÌɯÚÌÈÚÖÕÈÓɯÊÏÈÕÎÌɯ

ÞÖÜÓËɯÚÜÎÎÌÚÛȮɯÐÕËÐÊÈÛÐÕÎɯÛÏÈÛɯ#.ɯÞÈÚɯËÌ×ÙÌÚÚÌËɯÍÖÙɯÔÖÕÛÏÚɯÈÛɯÈɯÛÐÔÌȭɯ

3ÏÌÚÌɯ#.ɯÚÈÎÚɯÈÙÌɯÐÕÛÌÙÌÚÛÐÕÎɯÐÕɯÛÏÈÛɯÛÏÌÚÌɯÌÝÌÕÛÚɯÔÈàɯÐÕËÐÊÈÛÌɯÚÌÈÚÖÕÈÓɯ

ÊÏÈÕÎÌÚɯÐÕɯÞÈÛÌÙɯÙÌÚÐËÌÕÊÌɯÛÐÔÌɯÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯÓÖÞɯŘÖÞɯÐÕɯÛÏÌɯÕÖÙÛÏɯ

"ÈÊÏÌɯ2ÓÖÜÎÏɯ"ÖÔ×ÓÌßȮɯÚ×ÌÊÐŗÊÈÓÓàɯÐÕɯÛÏÌɯÚÛÈÐÙɪÚÛÌ×ɯÓÌÝÌÌɯÙÌÎÐÖÕȭɯ

"ÖÕÝÌÙÚÌÓàȮɯ+(!Ȯɯ""'ɯÈÕËɯ#$"ɯÞÌÙÌɯÎÌÕÌÙÈÓÓàɯÎÙÌÈÛÌÙɯÐÕɯÚÜÔÔÌÙȮɯ

ÚÜÎÎÌÚÛÐÕÎɯÐÕÊÙÌÈÚÌËɯÕÌÛɯ×ÙÐÔÈÙàɯ×ÙÖËÜÊÛÐÖÕȭ 

Ɨȭ 2ÌÈÚÖÕÈÓȮɯÐÕÛÌÙɪÈÕÕÜÈÓɯÈÕËɯÚ×ÈÛÐÈÓɯÝÈÙÐÈÉÐÓÐÛàɯÐÕɯ'%ɯÛÐÔÌɯÚÌÙÐÌÚȭɯ 

(ÕËÐÝÐËÜÈÓɯ'%ɯÛÐÔÌɯÚÌÙÐÌÚɯȹ%ÐÎÜÙÌɯƚƔȺɯËÌÔÖÕÚÛÙÈÛÌɯÏÖÞɯÏÐÎÏÓàɯÙÌÚÖÓÝÌËɯÛÐÔÌɯÚÌÙÐÌÚɯÈÙÌɯ

ÊÙÐÛÐÊÈÓɯÛÖɯÈÊÊÜÙÈÛÌÓàɯØÜÈÕÛÐÍàɯÛÏÌɯÙÈÛÌɯÈÕËɯÔÈÎÕÐÛÜËÌɯÖÍɯÊÏÈÕÎÌÚɯÐÕɯÕÐÛÙÈÛÌɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕɯËÜÌɯÛÖɯÚÛÖÙÔÚɯÈÕËɯÖÛÏÌÙɯËÙÐÝÌÙÚɯÖÍɯÙÈ×ÐËɯÊÏÈÕÎÌȭɯ1È×ÐËɯÚÏÐÍÛÚɯÐÕɯÕÐÛÙÈÛÌɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕɯÞÌÙÌɯÖÉÚÌÙÝÌËɯËÜÙÐÕÎɯÞÐÕÛÌÙɯÈÕËɯÚ×ÙÐÕÎɯ×ÙÌÊÐ×ÐÛÈÛÐÖÕɯÌÝÌÕÛÚɯÈÛɯÈÓÓɯ

ÚÛÈÛÐÖÕÚɯÐÕɯÉÖÛÏɯ68ƖƔƕƘɯÈÕËɯ68ƖƔƕƙȰɯ×ÌÈÒÚɯÚÌÌÕɯÐÕɯÛÏÌɯÊÖÕÛÐÕÜÖÜÚɯÕÐÛÙÈÛÌɯËÈÛÈɯÈÙÌɯÕÖÛɯ

ÌÝÐËÌÕÛɯÐÕɯÛÏÌɯÔÖÕÛÏÓàɯÈÎÎÙÌÎÈÛÌËɯËÈÛÈɯȹ%ÐÎÜÙÌɯƙƝȺɯÈÕËɯÞÌÙÌɯÕÖÛɯÊÈ×ÛÜÙÌËɯÐÕɯÛÏÌɯÎÙÈÉɯ

ÚÈÔ×ÓÌɪÉÈÚÌËɯÔÖÕÐÛÖÙÐÕÎȭɯ3ÏÌɯÙÌÚ×ÖÕÚÌɯÐÕɯÕÐÛÙÈÛÌɯÊÖÕÊÌÕÛÙÈÛÐÖÕɯÛÖɯÚÛÖÙÔɯÈÊÛÐÝÐÛàɯÐÚɯ

ËÐÚÛÐÕÊÛÓàɯËÐřÌÙÌÕÛɯÉÌÛÞÌÌÕɯÚÛÈÛÐÖÕÚȭɯ3ÏÌɯÈÚÚÌÚÚÔÌÕÛɯÈÓÚÖɯËÌÔÖÕÚÛÙÈÛÌËɯ×ÌÙÐÖËÐÊɯ

ÝÈÙÐÈÉÐÓÐÛàɯÙÌÓÈÛÌËɯÛÖɯËÐÜÙÕÈÓɯÛÐËÌÚɯȹÌȭÎȭɯÚÐÕÎÓÌɯÏÐÎÏɯÈÕËɯÚÐÕÎÓÌɯÓÖÞɯÛÐËÌɯ×ÌÙɯÛÐËÈÓɯËÈàȺȰɯ

ÚÌÔÐËÐÜÙÕÈÓɯÛÐËÌÚɯȹÌȭÎȭɯÛÞÖɯÏÐÎÏɯÈÕËɯÛÞÖɯÓÖÞɯÛÐËÌÚɯÌÈÊÏɯÛÐËÈÓɯËÈàȺȰɯÈÕËɯËÐÌÓɯȹÚÖÓÈÙɯ

ÙÈËÐÈÛÐÖÕɯƖƘɯÏÖÜÙɯ×ÌÙÐÖËȺɯÊàÊÓÐÕÎȭɯ3ÏÌɯÌřÌÊÛÚɯÖÍɯÛÐËÌÚɯÈÙÌɯËÐřÌÙÌÕÛɯÉÌÛÞÌÌÕɯÚÛÈÛÐÖÕÚȭ 

Ƙȭ +ÖÈËÚɯÈÕËɯ%ÓÜßÌÚȭɯ 

 ÕÕÜÈÓɯÓÖÈËÚɯÍÖÙɯÕÐÛÙÈÛÌȮɯÊÏÓÖÙÖ×ÏàÓÓɪÈȮɯÈÕËɯËÐÚÚÖÓÝÌËɯÖßàÎÌÕɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÞÌÙÌɯ

ËÌÛÌÙÔÐÕÌËɯÉàɯÚÜÔÔÐÕÎɯÛÏÌɯ×ÙÖËÜÊÛɯÖÍɯÛÏÌɯÐÕÚÛÈÕÛÈÕÌÖÜÚɯËÐÚÊÏÈÙÎÌɯȹ0ȺɯÈÕËɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕɯȹÐȭÌȭȮɯŘÜßɯËÈÛÈȮɯÔÌÈÚÜÙÌËɯÌÝÌÙàɯƕƙɯÔÐÕÜÛÌÚȺɯÊÖÕÛÐÕÜÖÜÚÓàɯÖÝÌÙɯÈɯÞÈÛÌÙɯ

àÌÈÙɯȹ#ÖÞÕÐÕÎɯÌÛɯÈÓȭɯƖƔƔƝȺȭɯ-ÖÛÌɯÛÏÈÛɯÛÏÌɯÊÜÔÜÓÈÛÐÝÌɯŘÜßɯÐÚɯÛÏÌɯÊÖÕÛÐÕÜÖÜÚɯÌß×ÙÌÚÚÐÖÕɯ

ÖÍɯÛÏÌɯÐÕÛÌÎÙÈÛÌËɯŘÜßɯÖÝÌÙɯÛÐÔÌɯÈÚɯÛÏÌɯàÌÈÙɯ×ÙÖÎÙÌÚÚÌÚȮɯÞÏÐÓÌɯÛÏÌɯÈÕÕÜÈÓɯÓÖÈËɯÐÚɯÛÏÌɯ

ÝÈÓÜÌɯÖÍɯÛÏÌɯÊÜÔÜÓÈÛÐÝÌɯŘÜßɯÈÛɯÛÏÌɯÌÕËɯÖÍɯÛÏÌɯàÌÈÙȭɯ3ÏÌɯÛÙÌÕËɯÐÕɯÛÏÌɯÊÜÔÜÓÈÛÐÝÌɯŘÜßɯÖÍɯÈɯ

ÊÖÕÚÛÐÛÜÌÕÛɯÊÈÕɯÉÌɯ×ÖÚÐÛÐÝÌȮɯÐÕËÐÊÈÛÐÕÎɯÕÌÛɯÔÖÝÌÔÌÕÛɯÐÚɯÚÌÈÞÈÙËȮɯÖÙɯÕÌÎÈÛÐÝÌȮɯÐÕËÐÊÈÛÐÕÎɯ

ÕÌÛɯÔÖÝÌÔÌÕÛɯÐÚɯÓÈÕËÞÈÙËȭ 

 ȭ -ÐÛÙÈÛÌȭɯ%ÖÙɯ68ƖƔƕƘɯÈÕËɯ68ƖƔƕƙȮɯÈÕÕÜÈÓɯÕÐÛÙÈÛÌɯÓÖÈËÚɯÊÈÓÊÜÓÈÛÌËɯÍÖÙɯÈÓÓɯ

ÌÐÎÏÛɯÚÛÈÛÐÖÕÚɯÙÈÕÎÌËɯÍÙÖÔɯÈÉÖÜÛɯƕȮƔƔƔɯÛÖɯƙȮƔƔƔɯÔÌÛÙÐÊɯÛÖÕÚɯȹ%ÐÎÜÙÌɯƚƕȺȭɯ

2ÛÌ×ɯÐÕÊÙÌÈÚÌÚɯÐÕɯÛÏÌɯÊÜÔÜÓÈÛÐÝÌɯŘÜßɯÈÙÌɯÙÌÓÈÛÌËɯÛÖɯ×ÙÌÊÐ×ÐÛÈÛÐÖÕɯÌÝÌÕÛÚɯ

ÈÕËɯÈÊÊÖÜÕÛɯÍÖÙɯÈ××ÙÖßÐÔÈÛÌÓàɯƗƔǔɯÛÖɯƘƔǔɯÖÍɯÛÏÌɯÔÌÈÚÜÙÌËɯÈÕÕÜÈÓɯÓÖÈËȭɯ

 ÕɯÐÕÛÌÙÌÚÛÐÕÎɯÖÉÚÌÙÝÈÛÐÖÕɯÐÚɯÛÏÈÛɯÈÕÕÜÈÓɯÓÖÈËÚɯÞÌÙÌɯÏÐÎÏÌÚÛɯÈÛɯÛÏÌɯ

"ÖÕŘÜÌÕÊÌɯÚÛÈÛÐÖÕɯÊÖÔ×ÈÙÌËɯÛÖɯÛÏÌɯÖÛÏÌÙɯÚÌÝÌÕɯÚÛÈÛÐÖÕÚȮɯÌÚ×ÌÊÐÈÓÓàɯ

ÊÖÕÚÐËÌÙÐÕÎɯÛÏÌɯÙÌÓÈÛÐÝÌÓàɯÓÖÞɯÈÕÕÜÈÓɯÓÖÈËɯÈÛɯ""'ɯȹÞÏÐÊÏɯÐÚɯÈÉÖÜÛɯƕɯÛÐËÈÓɯ

ÌßÊÜÙÚÐÖÕɯÜ×ÚÛÙÌÈÔɯÖÍɯ#$"ȺɯÐÕɯÉÖÛÏɯÞÈÛÌÙɯàÌÈÙÚȰɯÛÏÐÚɯÞÐÓÓɯÙÌØÜÐÙÌɯÍÜÙÛÏÌÙɯ

ÐÕÝÌÚÛÐÎÈÛÐÖÕȭɯ!ÌÊÈÜÚÌɯÕÐÛÙÐŗÊÈÛÐÖÕɯÖÍɯÈÔÔÖÕÐÜÔɯÊÈÕÕÖÛɯÙÌÈÚÖÕÈÉÓàɯ



 

ƘƔ 

ÈÊÊÖÜÕÛɯÍÖÙɯÛÏÐÚɯÐÕÊÙÌÈÚÌȮɯÛÏÌɯÈÜÛÏÖÙÚɯÏà×ÖÛÏÌÚÐáÌɯÛÏÈÛɯÛÏÌÙÌɯÔÈàɯÉÌɯ

ÜÕÈÊÊÖÜÕÛÌËɯÐÕ×ÜÛÚɯÖÍɯÕÐÛÙÈÛÌɯÍÙÖÔɯÛÏÌɯ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯÈÕËɤÖÙɯ"ÌÕÛÙÈÓɯ

#ÌÓÛÈɯÝÐÈɯ3ÏÙÌÌɯ,ÐÓÌɯÖÙɯÛÏÌɯ"ÖÕŘÜÌÕÊÌɯÛÏÈÛɯÚÌÙÝÌɯÈÚɯÚÜÉÚÐËàɯÛÖɯÛÏÌɯÓÈÙÎÌÙɯ

ŘÜßÌÚɯÚÌÌÕɯÈÛɯ#ÌÊÒÌÙɯ(ÚÓÈÕËȭɯ 

!ȭ "ÏÓÖÙÖ×ÏàÓÓɪÈȭɯ ÕÕÜÈÓɯÓÖÈËÚɯÖÍɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯÙÈÕÎÌɯÍÙÖÔɯƗɯÛÖɯƖƙɯÔÌÛÙÐÊɯ

ÛÖÕÚȮɯÞÐÛÏɯÛÏÌɯÓÖÞÌÚÛɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯÓÖÈËɯÍÖÜÕËɯÈÛɯ""'ɯÈÕËɯÛÏÌɯÏÐÎÏÌÚÛɯÈÛɯ

%/3ɯȹ%ÐÎÜÙÌɯƚƕȺȭɯ#ÌÊÙÌÈÚÌÚɯÐÕɯÊÏÓÖÙÖ×ÏàÓÓɪÈɯËÜÙÐÕÎɯÛÙÈÕÚ×ÖÙÛɯËÖÞÕɯÛÏÌɯ

2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯÏÈÝÌɯÉÌÌÕɯÖÉÚÌÙÝÌËɯÐÕɯ×ÙÌÝÐÖÜÚɯÚÛÜËÐÌÚɯÈÕËɯÈÙÌɯÚÜÉÑÌÊÛɯ

ÖÍɯÊÜÙÙÌÕÛɯÐÕÝÌÚÛÐÎÈÛÐÖÕɯȹÌȭÎȭȯɯ%ÖÌɯÌÛɯÈÓȭɯƖƔƕƔȮɯ*ÙÈÜÚɯÌÛɯÈÓȭɯƖƔƕƛȺȭɯ3ÏÌɯÈÕÕÜÈÓɯ

ÊÏÓÖÙÖ×ÏàÓÓɪÈɯÓÖÈËɯÈÛɯ#$"ɯÞÈÚɯÈÓÚÖɯÎÙÌÈÛÌÙɯÈÕËȮɯÓÐÒÌɯÕÐÛÙÈÛÌȮɯÔÈàɯÉÌɯÛÏÌɯ

ÙÌÚÜÓÛɯÖÍɯÜÕÈÊÊÖÜÕÛÌËɯÐÕ×ÜÛÚɯÍÙÖÔɯ3ÏÙÌÌɯ,ÐÓÌɯÚÓÖÜÎÏɯÖÙɯÛÏÌɯ"ÖÕŘÜÌÕÊÌȭɯ 

"ȭ #ÐÚÚÖÓÝÌËɯ.ßàÎÌÕȭɯ ÕÕÜÈÓɯÓÖÈËÚɯÖÍɯ#.ɯÙÈÕÎÌɯÍÙÖÔɯƜȮƔƔƔɯÛÖɯƜƔȮƔƔƔɯÔÌÛÙÐÊɯ

ÛÖÕÚȮɯÞÐÛÏɯÛÏÌɯÏÐÎÏÌÚÛɯÓÖÈËÚɯÔÌÈÚÜÙÌËɯÈÛɯ%ÙÌÌ×ÖÙÛɯÈÕËɯÓÖÞÌÚÛɯÔÌÈÚÜÙÌËɯÈÛɯ

"ÈÊÏÌɯ2ÓÖÜÎÏɯÐÕɯÉÖÛÏɯ68ƖƔƕƘɯÈÕËɯ68ƖƔƕƙȭ 

#ȭ  ËÝÌÊÛÐÝÌɯÝÚȭɯËÐÚ×ÌÙÚÐÝÌɯŘÜßȭɯ.ÕÌɯÉÌÕÌŗÛɯÖÍɯ'%ɯÛÐÔÌɯÚÌÙÐÌÚɯËÈÛÈɯÐÚɯÛÏÈÛɯÐÛɯÐÚɯ

×ÖÚÚÐÉÓÌɯÛÖɯÌßÈÔÐÕÌɯÛÏÌɯËÐřÌÙÌÕÊÌɯÉÌÛÞÌÌÕɯÛÏÌɯÈËÝÌÊÛÐÝÌɯŘÜßɭÛÏÌɯ

ÊÖÕÚÛÐÛÜÌÕÛɯŘÜßɯËÙÐÝÌÕɯÉàɯÔÖÝÌÔÌÕÛɯÖÍɯÞÈÛÌÙɯÐÕɯÖÕÌɯËÐÙÌÊÛÐÖÕȮɯÚÜÊÏɯÈÚɯÐÕɯ

ÈɯÙÐÝÌÙɭÈÕËɯÛÏÌɯËÐÚ×ÌÙÚÐÝÌɯŘÜßɭÛÏÌɯŘÜßɯËÙÐÝÌÕɯÉàɯÔÐßÐÕÎɯÖÍɯÞÈÛÌÙɯÞÐÛÏɯ

ËÐřÌÙÌÕÛɯÊÖÕÚÛÐÛÜÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚȭɯ3ÙÈËÐÛÐÖÕÈÓɯÔÌÛÏÖËÚɯÍÖÙɯÊÈÓÊÜÓÈÛÐÕÎɯ

ÊÖÕÚÛÐÛÜÌÕÛɯŘÜßÌÚɯÛà×ÐÊÈÓÓàɯÜÚÌɯÈɯÔÖÕÛÏÓàɯÖÙɯŘÖÞɪÞÌÐÎÏÛÌËɯÔÌËÐÈÕɯ

ÊÖÕÊÌÕÛÙÈÛÐÖÕɯÝÈÓÜÌȮɯÞÏÐÊÏɯÖÕÓàɯÈÊÊÖÜÕÛÚɯÍÖÙɯÛÏÌɯÈËÝÌÊÛÐÝÌɯŘÜßȭɯ

2Ì×ÈÙÈÛÐÕÎɯÛÏÌɯÈËÝÌÊÛÐÝÌɯŘÜßɯÍÙÖÔɯÛÏÌɯÛÖÛÈÓɯŘÜßɯ×ÈÚÛɯÛÏÌɯÚÐÛÌɯÐÕɯ"ÈÊÏÌɯ

2ÓÖÜÎÏɯȹ""'ȺɯÙÌÝÌÈÓÚɯÛÏÈÛɯÛÏÌɯÈËÝÌÊÛÐÝÌɯŘÜßɯÖÍɯÕÐÛÙÈÛÌɯÐÚɯÖÕÓàɯÈÉÖÜÛɯƛƔǔɯ

ÖÍɯÛÏÌɯÛÖÛÈÓɯÕÐÛÙÈÛÌɯŘÜßȮɯÔÌÈÕÐÕÎɯÛÏÈÛɯÛÙÈËÐÛÐÖÕÈÓɯÔÌÛÏÖËÚɯÞÖÜÓËɯ

ÜÕËÌÙÌÚÛÐÔÈÛÌɯÛÏÌɯÛÖÛÈÓɯÉàɯÈÉÖÜÛɯƗƔǔȭ 

ƙȭ $ßÈÔ×ÓÌɯÕÌÛÞÖÙÒɯ×ÓÈÕÚȭɯ 

3ÏÌɯÛÏÐÙËɯÙÌ×ÖÙÛɯÐÕɯÛÏÌɯÚÌÙÐÌÚɯȹ!ÌÙÎÈÔÈÚÊÏÐɯÌÛɯÈÓȭɯƖƔƕƚȺɯËÌÚÊÙÐÉÌÚɯÛÏÙÌÌɯÕÌÛÞÖÙÒɯ

ÌßÈÔ×ÓÌÚɯÛÖɯ×ÙÖÝÐËÌɯÐÓÓÜÚÛÙÈÛÐÖÕÚɯÖÍɯÏÖÞɯÛÖɯ×ÓÈÕɯÈÕËɯÌÝÈÓÜÈÛÌɯ×ÖÛÌÕÛÐÈÓɯÏÐÎÏɪÍÙÌØÜÌÕÊàɯ

ȹ'%ȺɯÕÌÛÞÖÙÒɯËÌÚÐÎÕÚɯÖÍɯËÐřÌÙÌÕÛɯÊÈ×ÈÉÐÓÐÛÐÌÚɯÈÕËɯÊÖÚÛÚȮɯÈÕËɯÛÖɯÊÖÔ×ÈÙÌɯÛÏÌÐÙɯÜÛÐÓÐÛàȭɯ

3ÏÌɯÛÏÙÌÌɯÌßÈÔ×ÓÌÚɯ×ÙÖÝÐËÌËɯÉÌÓÖÞɯÈÙÌɯÐÕÛÌÕËÌËɯÛÖɯÏÌÓ×ɯÍÖÚÛÌÙɯÛÏÌɯÛà×ÌÚɯÖÍɯËÐÚÊÜÚÚÐÖÕɯ

ÕÌÌËÌËɯÛÖɯÌÚÛÈÉÓÐÚÏɯÈɯÙÌÈÓÐÚÛÐÊɯ×ÓÈÕȭ 

 ȭ $ßÈÔ×ÓÌɯ-ÌÛÞÖÙÒɯșƕȭɯ!ÌÚÛɯÈËËÙÌÚÚÌÚɯ ÚÚÌÚÚÔÌÕÛɯ0ÜÌÚÛÐÖÕÚɯ2/+/ɪƕɯÈÕËɯ

2/+/ɪƕ!Ȱɯ×ÈÙÛÐÈÓÓàɯÈËËÙÌÚÚÌÚɯ23ɪƕȮɯ23ɪƕ!ȮɯÈÕËɯ2/+/ɪƕ&ȰɯÈÕËɯ×ÙÖÝÐËÌÚɯ

ÐÕÍÖÙÔÈÛÐÖÕɯÍÖÙɯ%2ɪƕȭɯ!ÌÊÈÜÚÌɯÖÕÓàɯÐÕ×ÜÛÚɯÈÕËɯÖÜÛ×ÜÛÚɯÈÙÌɯÔÖÕÐÛÖÙÌËȮɯÛÏÐÚɯ

ÌßÈÔ×ÓÌɯÓÌÈÝÌÚɯÐÔ×ÖÙÛÈÕÛɯËÈÛÈɯÎÈ×ÚɯÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯÚÜÉÙÌÎÐÖÕÚɯÖÍɯÛÏÌɯ

#ÌÓÛÈɯȹ23ɪƕ"Ⱥȭɯ3ÏÌɯËÈÛÈɯÞÐÓÓɯÉÌɯ×ÙÐÔÈÙÐÓàɯÜÚÌÍÜÓɯÍÖÙɯÔÈÕÈÎÌÙÚɯÚÌÌÒÐÕÎɯÛÖɯ

ËÖÊÜÔÌÕÛɯÛÏÌɯÌŚÊÈÊàɯÖÍɯÕÜÛÙÐÌÕÛɯÙÌËÜÊÛÐÖÕɯÌřÖÙÛÚɯÚÜÊÏɯÈÚɯ3ÖÛÈÓɯ



 

Ƙƕ 

,ÈßÐÔÜÔɯ#ÈÐÓàɯ+ÖÈËÚɯȹ3,#+ÚȺɯÈÕËɯÉÌÚÛɯÔÈÕÈÎÌÔÌÕÛɯ×ÙÈÊÛÐÊÌÚɯȹ!,/ÚȺȮɯ

ÍÖÙɯÌÚÛÈÉÓÐÚÏÐÕÎɯÛÙÌÕËÚɯÐÕɯÕÜÛÙÐÌÕÛɯÓÖÈËÚɯÛÖɯÛÏÌɯ#ÌÓÛÈȮɯÈÕËɯÍÖÙɯÌÝÈÓÜÈÛÐÕÎɯ

ÊÏÈÕÎÌÚɯÐÕɯÛÐÔÐÕÎɯÖÍɯÛÏÖÚÌɯÓÖÈËÚȭɯ$ÚÛÐÔÈÛÌËɯÐÕÐÛÐÈÓɯÊÖÚÛÚȯɯȜƙƚƚȮƗƕƜȭɯ

$ÚÛÐÔÈÛÌËɯÖ×ÌÙÈÛÐÖÕɯÈÕËɯÔÈÐÕÛÌÕÈÕÊÌɯȹ.ȫ,ȺɯÊÖÚÛÚȯɯȜƘƛƘȮƘƙƗɯ×ÌÙɯàÌÈÙȭɯ

3ÏÐÚɯÕÌÛÞÖÙÒɯÐÚɯÚÜÔÔÈÙÐáÌËɯÐÕɯ3ÈÉÓÌɯƘɯÈÕËɯ%ÐÎÜÙÌɯƚƖȭɯ 

3ÈÉÓÌɯƘȭɯ3ÏÙÌÌɯÚÛÈÛÐÖÕÚɯ×ÙÖ×ÖÚÌËɯÈÚɯ×ÈÙÛɯÖÍɯ'%ɯÔÖÕÐÛÖÙÐÕÎɯÕÌÛÞÖÙÒɯÌßÈÔ×ÓÌɯșƕȭ 

Station Name  Station 

ID 

Station primary purpose 

San Joaquin River at Stockton  SJG (C)  Monitor fluxes and loads from San Joaquin Valley and Stockton 

wastewater treatment facility. 

Sacramento River at Walnut Grove 

above Georgianna Slough 

SDC (A) Monitor fluxes from Sacramento Valley and Sacramento storm 

discharge and Sacramento wastewater treatment facility. 

Cache Slough at Ryer Island  RYI (B)  Monitor fluxes from Yolo Bypass. Miner Slough and Cache 

Slough 

 

  



 

ƘƖ 

!ȭ $ßÈÔ×ÓÌɯ-ÌÛÞÖÙÒɯșƖȭɯ!ÌÚÛɯÈËËÙÌÚÚÌÚɯ ÚÚÌÚÚÔÌÕÛɯ0ÜÌÚÛÐÖÕÚɯ23ɪƕȮɯ23ɪƕ Ȯɯ23ɪ

ƖȮɯÈÕËɯ2/+/ɪƖ"Ȱɯ×ÈÙÛÐÈÓÓàɯÈËËÙÌÚÚÌÚɯ23ɪƕ!Ȯɯ23ɪƖ Ȯɯ2/+/ɪƕ Ȯɯ2/+/ɪƕ$ȮɯÈÕËɯ

2/+/ɪƕ%ȭɯ3ÏÌɯËÈÛÈɯÞÐÓÓɯÉÌɯÜÚÌÍÜÓɯÍÖÙɯÔÈÕÈÎÌÙÚɯÚÌÌÒÐÕÎɯÛÖɯËÖÊÜÔÌÕÛɯÛÏÌɯ

×ÌÙÚÐÚÛÌÕÊÌȮɯÛÙÈÕÚÐÛɯÛÐÔÌÚȮɯÈÕËɯÌřÌÊÛÚɯÖÍɯÕÜÛÙÐÌÕÛÚɯÐÕɯÛÏÌɯ#ÌÓÛÈȮɯÍÖÙɯ

ÌÚÛÈÉÓÐÚÏÐÕÎɯÛÙÌÕËÚɯÐÕɯÕÜÛÙÐÌÕÛɯÓÖÈËÚɯÐÕÛÌÙÕÈÓɯÛÖɯÛÏÌɯ#ÌÓÛÈȮɯÈÕËɯÍÖÙɯÙÌÓÈÛÐÕÎɯ

ÕÜÛÙÐÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÞÐÛÏÐÕɯÛÏÌɯ#ÌÓÛÈɯÛÖɯŘÖÞÚɯÈÕËɯÌß×ÖÙÛÚȭɯ!ÌÊÈÜÚÌɯ

ÛÙÐÉÜÛÈÙàɯÐÕ×ÜÛÚɯÈÕËɯÖÜÛ×ÜÛÚɯÈÙÌɯÕÖÛɯÐÕÊÓÜËÌËȮɯÈÕËɯÛÏÌɯÚ×ÈÛÐÈÓɯËÐÚÛÙÐÉÜÛÐÖÕɯ

ÖÍɯÚÛÈÛÐÖÕÚɯÐÕɯÛÏÌɯÊÌÕÛÙÈÓɯ#ÌÓÛÈɯÐÚɯÔÐÕÐÔÈÓȮɯÛÏÐÚɯÌßÈÔ×ÓÌɯËÖÌÚɯÕÖÛɯÈÓÓÖÞɯ

ÈÚÚÌÚÚÔÌÕÛɯÖÍɯÛÏÌɯÐÔ×ÖÙÛÈÕÊÌɯÖÍɯËÐřÌÙÌÕÛɯÕÜÛÙÐÌÕÛɯÚÖÜÙÊÌÚɯȹ2/+/ɪƕȮɯ2/+/ɪ

ƕ#Ȯɯ2/+/ɪƕ&ȺɯÈÕËɯÓÌÈÝÌÚɯÐÔ×ÖÙÛÈÕÛɯËÈÛÈɯÎÈ×ÚɯÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯÚÜÉɪÙÌÎÐÖÕÚɯ

ÖÍɯÛÏÌɯ#ÌÓÛÈɯȹ23ɪƕ"Ⱥȭɯ$ÚÛÐÔÈÛÌËɯÐÕÐÛÐÈÓɯÊÖÚÛÚȯɯȜƕȮƔƘƖȮƚƗƚȭɯ$ÚÛÐÔÈÛÌËɯ

Ö×ÌÙÈÛÐÖÕɯÈÕËɯÔÈÐÕÛÌÕÈÕÊÌɯȹ.ȫ,ȺɯÊÖÚÛÚȯɯȜƜƙƖȮƝƔƚɯ×ÌÙɯàÌÈÙȭɯ3ÏÐÚɯÕÌÛÞÖÙÒɯ

ÐÚɯÚÜÔÔÈÙÐáÌËɯÐÕɯ3ÈÉÓÌɯƙɯÈÕËɯ%ÐÎÜÙÌɯƚƗȭ 

3ÈÉÓÌɯƙȭɯ2ÐßɯÚÛÈÛÐÖÕÚɯ×ÙÖ×ÖÚÌËɯÈÚɯ×ÈÙÛɯÖÍɯÛÏÌɯÏÐÎÏɪÍÙÌØÜÌÕÊàɯÔÖÕÐÛÖÙÐÕÎɯÕÌÛÞÖÙÒɯÌßÈÔ×ÓÌɯșƖȭ 

Station Name Station ID Station Primary Purpose 

Sacramento River at Rio 

Vista  

SRV (A)  Monitor nutrient concentrations and fluxes in Sacramento River 

Jersey Point  SJJ (B)  Monitor nutrient concentrations and fluxes in the San Joaquin 

mainstem. Assess contributions from Central Delta Islands 

Old River  OH4 (F) Assess nutrient by mass balance contributions from Central Delta 

Islands 

Middle River  MDM (E) Assess mass balance contributions from Central Delta Islands 

Middle River near Holt  HLT (D)  Assess exchange contributions from Central Delta Islands 

Old River at Franks Tract OSJ (C)  Assess exchange contributions from Central Delta Islands 

 

  



 

ƘƗ 

"ȭ $ßÈÔ×ÓÌɯ-ÌÛÞÖÙÒɯșƗȭɯ3ÏÐÚɯÌßÈÔ×ÓÌɯÕÌÛÞÖÙÒɯÈËËÙÌÚÚÌÚɯÛÏÌɯÉÙÖÈËÌÚÛɯÙÈÕÎÌɯ

ÖÍɯÛÏÌɯ ÚÚÌÚÚÔÌÕÛɯ0ÜÌÚÛÐÖÕÚɯÓÐÚÛÌËɯÐÕɯ3ÈÉÓÌɯƕȮɯÈÓÛÏÖÜÎÏɯÛÏÌÙÌɯÔÈàɯÚÛÐÓÓɯ

ÙÌÔÈÐÕɯËÈÛÈɯÎÈ×ÚɯÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯÚ×ÌÊÐŗÊɯÚÜÉÙÌÎÐÖÕÚɯÖÍɯÛÏÌɯ#ÌÓÛÈɯȹ23ɪƕ"Ⱥɯ

ÛÏÈÛɯÞÐÓÓɯÙÌØÜÐÙÌɯÛÈÙÎÌÛÌËɯÔÖÕÐÛÖÙÐÕÎɯÌřÖÙÛÚȭɯ3ÏÌɯËÈÛÈɯÞÐÓÓɯÉÌɯÜÚÌÍÜÓɯÍÖÙɯ

ÔÈÕÈÎÌÙÚɯÚÌÌÒÐÕÎɯÛÖɯËÖÊÜÔÌÕÛɯÛÏÌɯ×ÌÙÚÐÚÛÌÕÊÌȮɯÛÙÈÕÚÐÛɯÛÐÔÌÚȮɯÈÕËɯÌřÌÊÛÚɯÖÍɯ

ÕÜÛÙÐÌÕÛÚɯÐÕɯÛÏÌɯ#ÌÓÛÈȮɯÍÖÙɯÌÚÛÈÉÓÐÚÏÐÕÎɯÛÙÌÕËÚɯÐÕɯÕÜÛÙÐÌÕÛɯÓÖÈËÚɯÐÕÛÌÙÕÈÓɯÛÖɯ

ÛÏÌɯ#ÌÓÛÈȮɯÈÕËɯÍÖÙɯÙÌÓÈÛÐÕÎɯÕÜÛÙÐÌÕÛɯÊÖÕÊÌÕÛÙÈÛÐÖÕÚɯÞÐÛÏÐÕɯÛÏÌɯ#ÌÓÛÈɯÛÖɯ

ŘÖÞÚɯÈÕËɯÌß×ÖÙÛÚȭɯ!ÌÊÈÜÚÌɯÛÙÐÉÜÛÈÙàɯÐÕ×ÜÛÚɯÈÕËɯÖÜÛ×ÜÛÚɯÈÙÌɯÕÖÛɯÐÕÊÓÜËÌËȮɯ

ÈÕËɯÛÏÌɯÚ×ÈÛÐÈÓɯËÐÚÛÙÐÉÜÛÐÖÕɯÖÍɯÚÛÈÛÐÖÕÚɯÐÕɯÛÏÌɯÊÌÕÛÙÈÓɯ#ÌÓÛÈɯÐÚɯÔÐÕÐÔÈÓȮɯÛÏÐÚɯ

ÌßÈÔ×ÓÌɯËÖÌÚɯÕÖÛɯÈÓÓÖÞɯÈÚÚÌÚÚÔÌÕÛɯÖÍɯÛÏÌɯÐÔ×ÖÙÛÈÕÊÌɯÖÍɯËÐřÌÙÌÕÛɯÕÜÛÙÐÌÕÛɯ

ÚÖÜÙÊÌÚɯȹ2/+/ɪƕȮɯ2/+/ɪƕ#Ȯɯ2/+/ɪƕ&ȺɯÈÕËɯÓÌÈÝÌÚɯÐÔ×ÖÙÛÈÕÛɯËÈÛÈɯÎÈ×Úɯ

ÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯÚÜÉɪÙÌÎÐÖÕÚɯÖÍɯÛÏÌɯ#ÌÓÛÈɯȹ23ɪƕ"Ⱥȭɯ$ÚÛÐÔÈÛÌËɯÐÕÐÛÐÈÓɯÊÖÚÛÚȯɯ

ȜƖȮƝƝƕȮƝƔƜȭɯ$ÚÛÐÔÈÛÌËɯÖ×ÌÙÈÛÐÖÕɯÈÕËɯÔÈÐÕÛÌÕÈÕÊÌɯȹ.ȫ,ȺɯÊÖÚÛÚȯɯȜƖȮƗƕƗȮƛƕƜɯ

×ÌÙɯàÌÈÙȭɯ3ÏÐÚɯÕÌÛÞÖÙÒɯÐÚɯÚÜÔÔÈÙÐáÌËɯÐÕɯ3ÈÉÓÌɯƚɯÈÕËɯ%ÐÎÜÙÌɯƚƘȭ 

 



 

ƘƘ 

3ÈÉÓÌɯƚȭɯ$ÐÎÏÛÌÌÕɯÚÛÈÛÐÖÕÚɯ×ÙÖ×ÖÚÌËɯÈÚɯ×ÈÙÛɯÖÍɯ'%ɯÔÖÕÐÛÖÙÐÕÎɯÕÌÛÞÖÙÒɯÌßÈÔ×ÓÌɯșƗȭ 

Station Name 
Station 

ID 
Station Primary Purpose 

Sacramento River at Freeport FPT (A) Monitor fluxes from San Joaquin Valley 

Yolo Bypass at Toe Drain TOE (B) Resolve fluxes at Cache Slough from Yolo Bypass 

Shag Slough SHG (R) Observe concentrations and fluxes in long-detention-time areas of 

the North Delta 

Sacramento River at Walnut 

Grove above Georgianna 

Slough 

SDC (D) Monitor fluxes from Sacramento Valley and Sacramento stormwater 

discharge and Sacramento wastewater treatment facility. Assess 

rates in Sacramento River. 

Liberty Island LIB (C) Monitor interactions with shallow water areas of Liberty Island 

Cache Slough at Ryer Island RYI (E) Monitor fluxes from Yolo Bypass. Miner Slough and Cache Slough 

Sacramento River al Rio Vista SRV (F) Continuous productivity modeling in Lower Sacramento River 

Decker Island SDI (G) Monitor concentrations and fluxes in Lower Sacramento River 

Confluence CFL (O) Assess mass flux into San Francisco Estuary 

Suisun Bay SUI (J) Link mass flux to conditions in Suisun Bay 

Jersey Point SSJ (I) Monitor concentrations and fluxes on the San Joaquin mainstem. 

Assess contributions from Central Delta Islands 

False River FAL (K) Assess by exchange contributions from Central Delta Islands 

Old River at Frankõs Tract OSJ (H) Assess by exchange contributions from Central Delta Islands 

Old River OH4 (L) Assess by mass balance contributions from Central Delta Islands 

Middle River MDM (M) Assess by mass balance contributions from Central Delta Islands 

Middle River near Holt HLT (P) Assess by exchange contributions from Central Delta Islands 

San Joaquin River at Stockton SJG (N) Monitor fluxes from San Joaquin Valley and Stockton wastewater 

treatment facility 

San Joaquin River at Vernalis SJR (Q) Monitor fluxes from Sacramento Valley and Sacramento stormwater 

discharge and Sacramento wastewater treatment facility. 

Significance  

¶  ËÝÈÕÛÈÎÌÚɯÖÍɯ'%ɯÔÖÕÐÛÖÙÐÕÎȭɯ"ÖÓÓÌÊÛÐÖÕɯÖÍɯ'%ɯËÈÛÈɯÈÓÓÖÞÚɯÛÖɯÔÖÙÌɯÈÊÊÜÙÈÛÌÓàɯ

ØÜÈÕÛÐÍàɯÕÜÛÙÐÌÕÛɯŘÜßÌÚɯÈÕËɯÓÖÈËÚɯÈÕËɯÛÖɯÜÕËÌÙÚÛÈÕËɯÏÖÞɯÕÜÛÙÐÌÕÛɯÍÈÛÌɯÈÕËɯ

ÌřÌÊÛÚɯÈÙÌɯÙÌÓÈÛÌËɯÛÖɯÛÏÌɯ×ÌÙÐÖËÐÊɯÊàÊÓÌÚɯÖÊÊÜÙÙÐÕÎɯÞÐÛÏÐÕɯÛÏÌɯ#ÌÓÛÈȭɯ 

¶ ,ÖÕÐÛÖÙÐÕÎɯËÌÚÐÎÕɯÙÌÊÖÔÔÌÕËÈÛÐÖÕÚȭɯ#ÌÚÐÎÕɯÖÍɯÈɯ'%ɯÕÌÛÞÖÙÒɯÚÏÖÜÓËɯÊÈÙÌÍÜÓÓàɯ

ÊÖÕÚÐËÌÙɯÛÏÌɯÊÜÙÙÌÕÛɯÈÕËɯÍÜÛÜÙÌɯÜÚÌÚɯÛÖɯÞÏÐÊÏɯÛÏÌɯ'%ɯËÈÛÈɯÞÐÓÓɯÉÌɯÈ××ÓÐÌËɯÈÕËɯ

ÏÖÞɯÛÏÌÚÌɯÈÕËɯÙÌÓÈÛÌËɯËÈÛÈɯÚÏÖÜÓËɯÉÌɯÚÌÙÝÌËɯÛÖɯÜÚÌÙÚȭɯ%ÜÙÛÏÌÙȮɯÎÐÝÌÕɯÛÏÈÛɯ'%ɯ

ÔÖÕÐÛÖÙÐÕÎɯÛÌÊÏÕÖÓÖÎàɯÐÚɯÐÕɯÐÛÚɯÐÕÍÈÕÊàȮɯÛÏÌɯÕÌÛÞÖÙÒɯËÌÚÐÎÕɯÚÏÖÜÓËɯÈÕÛÐÊÐ×ÈÛÌɯÈÕËɯ

ÉÜÐÓËɯÐÕɯÛÏÌɯÊÈ×ÈÊÐÛàɯÛÖɯÙÌÊÌÐÝÌɯÍÜÛÜÙÌɯÛÌÊÏÕÖÓÖÎÐÌÚɯÈÚɯÛÏÌàɯÉÌÊÖÔÌɯÈÝÈÐÓÈÉÓÌȭ  



 

Ƙƙ 

4 Summary of Findings to Date Regarding Delta RMP 

Assessment Questions 

3ÏÌɯÎÖÈÓɯÖÍɯÛÏÌɯ#ÌÓÛÈɯ1,/ɯÐÚɯÛÖɯÈÕÚÞÌÙɯÛÏÌɯÈÚÚÌÚÚÔÌÕÛɯØÜÌÚÛÐÖÕÚɯÛÏÈÛɯÞÌÙÌɯÌÚÛÈÉÓÐÚÏÌËɯ

ÈÛɯÛÏÌɯÖÕÚÌÛɯÖÍɯÛÏÌɯ/ÙÖÎÙÈÔȭɯ3ÏÌɯÕÌÞɯÈÕÈÓàÚÌÚɯ×ÙÌÚÌÕÛÌËɯÐÕɯ2ÌÊÛÐÖÕɯƗɯÖÍɯÛÏÐÚɯÙÌ×ÖÙÛɯ

ÍÖÊÜÚÌËɯÖÕɯÙÖÜÕËÐÕÎɯÖÜÛɯÖÜÙɯÒÕÖÞÓÌËÎÌɯÖÕɯÚÛÈÛÜÚɯÈÕËɯÛÙÌÕËÚɯÖÍɯÕÜÛÙÐÌÕÛÚɯÈÕËɯÕÜÛÙÐÌÕÛɪ

ÙÌÓÈÛÌËɯ×ÈÙÈÔÌÛÌÙÚɯÐÕɯÛÏÌɯ#ÌÓÛÈȭɯ3ÏÌɯ×ÙÌÝÐÖÜÚɯÙÌ×ÖÙÛÚɯÚÜÔÔÈÙÐáÌËɯÐÕɯ2ÌÊÛÐÖÕɯƘɯÏÈÝÌɯ

ÍÖÊÜÚÌËɯÖÕɯÐËÌÕÛÐÍàÐÕÎɯËÈÛÈɯÎÈ×Úɯȹ)ÈÉÜÚÊÏɯÌÛɯÈÓȭɯƖƔƕƚȺȮɯØÜÈÕÛÐÍàÐÕÎɯÓÖÈËÚɯȹ-ÖÝÐÊÒɯÌÛɯÈÓȮɯ

ƖƔƕƙȺȮɯÌÝÈÓÜÈÛÐÕÎɯÚÜÉÙÌÎÐÖÕÚɯȹ ××ÌÕËÐßɯƖɯÐÕɯ)ÈÉÜÚÊÏɯÌÛɯÈÓȭɯƖƔƕƚȺȮɯÈÕËɯÌÝÈÓÜÈÛÐÕÎɯÏÐÎÏɪ

ÍÙÌØÜÌÕÊàɯÚÌÕÚÖÙÚɯȹ*ÙÈÜÚɯÌÛɯÈÓȭȮɯƖƔƕƛȮɯ#ÖÞÕÐÕÎɯÌÛɯÈÓȭȮɯƖƔƕƛȮɯ!ÌÙÎÈÔÈÚÊÏÐɯÌÛɯÈÓȭȮɯƖƔƕƛȺȭɯ

3ÏÌɯÊÖÔÉÐÕÌËɯŗÕËÐÕÎÚɯÍÙÖÔɯÛÏÌÚÌɯÈÕËɯÖÛÏÌÙɯÊÖÕÛÙÐÉÜÛÐÖÕÚɯÊÖÕÚÛÐÛÜÛÌɯÌÕÊÖÜÙÈÎÐÕÎɯÌÈÙÓàɯ

×ÙÖÎÙÌÚÚɯÛÖÞÈÙËɯÈÕÚÞÌÙÐÕÎɯÛÏÌɯ#ÌÓÛÈɯ1,/ɀÚɯÈÚÚÌÚÚÔÌÕÛɯØÜÌÚÛÐÖÕÚȭɯ 

(ÕɯÖÙËÌÙɯÛÖɯÈÚÚÌÚÚɯ×ÙÖÎÙÌÚÚɯÛÖÞÈÙËɯÈÕÚÞÌÙÐÕÎɯÛÏÌɯ#ÌÓÛÈɯ1,/ɯÈÚÚÌÚÚÔÌÕÛɯØÜÌÚÛÐÖÕÚȮɯÞÌɯ

ÏÈÝÌɯ×ÙÌ×ÈÙÌËɯÈɯÚÜÔÔÈÙàɯÖÍɯÛÏÌɯÚÛÈÛÌɯÖÍɯÒÕÖÞÓÌËÎÌɯÍÖÙɯÌÈÊÏɯØÜÌÚÛÐÖÕÚɯÐÕɯ3ÈÉÓÌɯƛȭɯ%ÖÙɯ

ÌÈÊÏɯØÜÌÚÛÐÖÕȮɯÛÏÌɯËÌÎÙÌÌɯÛÖɯÞÏÐÊÏɯÛÏÌɯØÜÌÚÛÐÖÕɯÊÈÕɯÉÌɯÈÕÚÞÌÙÌËɯÏÈÚɯÉÌÌÕɯØÜÈÓÐÛÈÛÐÝÌÓàɯ

ÌÚÛÐÔÈÛÌËɯÈÓÖÕÎɯÞÐÛÏɯÈɯÚÏÖÙÛɯÚÛÈÛÌÔÌÕÛɯÛÏÈÛɯÚÜÔÔÈÙÐáÌÚɯÖÜÙɯÊÜÙÙÌÕÛɯÜÕËÌÙÚÛÈÕËÐÕÎȭɯ

*Ìàɯ×ÖÐÕÛÚɯÍÙÖÔɯÛÏÐÚɯÛÈÉÓÌɯÈÙÌȯ 

¶ #ÜÌɯÛÖɯÛÏÌɯÌßÐÚÛÌÕÊÌɯÖÍɯÓÖÕÎɪÛÌÙÔɯËÈÛÈɯÚÌÛÚɯÈÕËɯÈÕÈÓàÚÌÚɯÖÍɯÛÏÌÚÌɯ×ÙÌÚÌÕÛÌËɯÏÌÙÌȮɯ

ÙÌÎÐÖÕÈÓɯÓÖÕÎɪÛÌÙÔɯÛÙÌÕËÚɯÈÙÌɯÙÌÈÚÖÕÈÉÓàɯÞÌÓÓɯÜÕËÌÙÚÛÖÖËɯÈÕËɯÚÖɯÈÙÌɯÛÏÌɯÛà×ÌÚɯ

ÈÕËɯÔÈÎÕÐÛÜËÌÚɯÖÍɯÛÏÌɯÔÖÚÛɯÐÔ×ÖÙÛÈÕÛɯÚÖÜÙÊÌÚȮɯ×ÈÛÏÞÈàÚȮɯÈÕËɯ×ÙÖÊÌÚÚÌÚȭɯ

'ÖÞÌÝÌÙȮɯÈËËÐÛÐÖÕÈÓɯÚàÕÛÏÌÚÐÚɯÞÖÙÒɯÊÖÜÓËɯÉÌɯËÖÕÌɯÛÖɯÜÕËÌÙÚÛÈÕËɯÛÏÌɯÍÈÊÛÖÙÚɯ

ÉÌÏÐÕËɯÛÏÌÚÌɯÛÙÌÕËÚȭɯ3ÏÌÙÌɯÐÚɯÚÛÐÓÓɯÚÖÔÌɯÜÕÊÌÙÛÈÐÕÛàɯÈÙÖÜÕËɯÚ×ÈÛÐÈÓɯÝÈÙÐÈÛÐÖÕɯ

ÞÐÛÏÐÕɯÈÕËɯÈÊÙÖÚÚɯÚÖÔÌɯÚÜÉÙÌÎÐÖÕÚȮɯÐÕÊÓÜËÐÕÎɯÛÏÌɯ-ÖÙÛÏɯ#ÌÓÛÈȮɯ-ÖÙÛÏÌÈÚÛɯ#ÌÓÛÈȮɯ

ÈÕËɯÓÈÙÎÌɯÈÙÌÈÚɯÖÍɯÛÏÌɯ2ÖÜÛÏɯ#ÌÓÛÈȮɯÈÕËɯÐÕɯÚ×ÌÊÐŗÊɯÏÈÉÐÛÈÛɯÛà×ÌÚɯÛÏÈÛɯÈÙÌɯÊÜÙÙÌÕÛÓàɯ

ÕÖÛɯÔÖÕÐÛÖÙÌËȮɯÚÜÊÏɯÈÚɯÚÏÈÓÓÖÞɯÞÈÛÌÙɯÏÈÉÐÛÈÛÚȮɯÉÈÊÒɯÚÓÖÜÎÏÚȮɯÈÕËɯÞÌÛÓÈÕËÚȭɯ 

¶  ɯÔÈÑÖÙɯÎÈ×ɯÐÕɯÖÜÙɯÒÕÖÞÓÌËÎÌɯÐÚɯÛÏÌɯÊÜÙÙÌÕÛɯÚÛÈÛÜÚɯÖÍɯÛÏÌɯ#ÌÓÛÈɯÌÊÖÚàÚÛÌÔɯÈÚɯ

ÐÕŘÜÌÕÊÌËɯÉàɯÕÜÛÙÐÌÕÛÚȭɯ ÕÚÞÌÙÐÕÎɯÛÏÐÚɯØÜÌÚÛÐÖÕɯÞÐÓÓɯÙÌØÜÐÙÌɯÌÚÛÈÉÓÐÚÏÐÕÎɯ

ÓÐÕÒÈÎÌÚɯÉÌÛÞÌÌÕɯÕÜÛÙÐÌÕÛÚɯ×ÙÐÔÈÙàɯ×ÙÖËÜÊÛÐÝÐÛàȮɯÔÈÊÙÖ×ÏàÛÌÚȮɯÏÈÙÔÍÜÓɯÈÓÎÈÓɯ

ÉÓÖÖÔÚȮɯÈÕËɯËÐÚÚÖÓÝÌËɯÖßàÎÌÕȮɯÛÈÒÐÕÎɯÖÛÏÌÙɯÍÈÊÛÖÙÚɯÈÕËɯÊÖÕÍÖÜÕËÐÕÎɯÝÈÙÐÈÉÓÌÚɯ

ÐÕÛÖɯÈÊÊÖÜÕÛȭɯ1ÈÔ×ÐÕÎɯÜ×ɯÛÖɯÈÕÚÞÌÙɯÛÏÌÚÌɯØÜÌÚÛÐÖÕÚɯÞÐÓÓɯÛÈÒÌɯÚÐÎÕÐŗÊÈÕÛɯÌřÖÙÛɯ

ÈÕËɯÊÈÙÌÍÜÓɯ×ÓÈÕÕÐÕÎȭɯ3ÏÌɯ#ÌÓÛÈɯ-ÜÛÙÐÌÕÛɯ1ÌÚÌÈÙÊÏɯ/ÓÈÕɯÞÐÓÓɯ×ÙÖÝÐËÌɯÛÏÌɯ

ÙÖÈËÔÈ×ɯÍÖÙɯÌÚÛÈÉÓÐÚÏÐÕÎɯÓÐÕÒÈÎÌÚȭɯ 

¶ +ÈÙÎÌɯÒÕÖÞÓÌËÎÌɯÎÈ×ÚɯÙÌÔÈÐÕɯÈÉÖÜÛɯÕÜÛÙÐÌÕÛɯÚÐÕÒÚȮɯÚÖÜÙÊÌÚȮɯÈÕËɯ×ÙÖÊÌÚÚÌÚɯÐÕɯÛÏÌɯ

#ÌÓÛÈȭɯ3ÏÌɯÔÌÊÏÈÕÐÚÛÐÊȮɯÞÈÛÌÙɯØÜÈÓÐÛàɪÏàËÙÖËàÕÈÔÐÊɯÔÖËÌÓÚɯÉÌÐÕÎɯËÌÝÌÓÖ×ÌËɯÍÖÙɯ

ÛÏÌɯ#ÌÓÛÈɯÔÈàɯÉÌɯÈÉÓÌɯÛÖɯÈËËÙÌÚÚɯÛÏÌÚÌɯØÜÌÚÛÐÖÕÚɯÐÕɯÛÏÌɯÍÜÛÜÙÌȭɯ'ÖÞÌÝÌÙȮɯÛÏÌɯ

ÐÔ×ÖÙÛÈÕÛɯ×ÙÖÊÌÚÚÌÚȮɯÛÐÔÌɪÚÊÈÓÌÚȮɯÈÕËɯÚ×ÈÛÐÈÓɯÚÊÈÓÌÚɯÕÌÌËɯÛÖɯÉÌɯÉÌŲÌÙɯËÌŗÕÌËɯÐÕɯ

ÖÙËÌÙɯÛÖɯÒÕÖÞɯÛÏÌɯÉÌÚÛɯÞÈàɯÍÖÙÞÈÙËȭɯ&È×ÚɯÐÕɯËÈÛÈɯÛÖɯÊÈÓÐÉÙÈÛÌɯÈÕËɯÝÈÓÐËÈÛÌɯÛÏÌɯ

ÔÖËÌÓÚɯÞÐÓÓɯÕÌÌËɯÛÖɯÉÌɯÈËËÙÌÚÚÌËɯÉàɯÈÜÎÔÌÕÛÐÕÎɯÌßÐÚÛÐÕÎɯÔÖÕÐÛÖÙÐÕÎɯ×ÙÖÎÙÈÔÚɯ



 

Ƙƚ 

ÞÐÛÏɯÈËËÐÛÐÖÕÈÓɯ×ÈÙÈÔÌÛÌÙÚȮɯÚÛÈÛÐÖÕÚȮɯÈÕËɯÚÈÔ×ÓÐÕÎɯÌÝÌÕÛÚɯȹÐÕÊÙÌÈÚÌËɯÚÈÔ×ÓÐÕÎɯ

ÍÙÌØÜÌÕÊàȺȭɯ2ÏÖÙÛɪÛÌÙÔɯÐÕÛÌÕÚÐÝÌɯÔÖÕÐÛÖÙÐÕÎɯÈÕËɯÚ×ÌÊÐÈÓɯÚÛÜËÐÌÚȮɯÊÖÕËÜÊÛÌËɯ

ÞÐÛÏÐÕɯÈÕɯÈËÈ×ÛÐÝÌɯÔÈÕÈÎÌÔÌÕÛɯÍÙÈÔÌÞÖÙÒȮɯÞÐÓÓɯÉÌɯÕÌÌËÌËɯÛÖɯÛÌÚÛɯÛÏÌɯÌřÌÊÛÚɯÖÍɯ

ÔÈÕÈÎÌÔÌÕÛɯÈÊÛÐÖÕÚȮɯÈÕËɯÛÖɯÌÓÜÊÐËÈÛÌɯÔÖËÌÓɯÔÌÊÏÈÕÐÚÔÚɯÈÕËɯ×ÈÙÈÔÌÛÌÙÐáÈÛÐÖÕȭɯ

,ÖÙÌɯÐÔ×ÖÙÛÈÕÛÓàȮɯÛÐÎÏÛɯÊÖÓÓÈÉÖÙÈÛÐÖÕɯÉÌÛÞÌÌÕɯÔÖËÌÓÌÙÚȮɯÔÖÕÐÛÖÙÐÕÎɯ×ÙÖÎÙÈÔÚȮɯ

ÚÊÐÌÕÛÐÚÛÚȮɯÈÕËɯÔÈÕÈÎÌÙÚɯÛÏÖÜÎÏɯÈÕÕÜÈÓɯÔÌÌÛÐÕÎÚɯÞÐÓÓɯÉÌɯÕÌÌËÌËɯÍÖÙɯÛÏÌɯ

ÔÖËÌÓÐÕÎɯÌřÖÙÛɯÛÖɯÉÌɯÚÜÊÊÌÚÚÍÜÓɯȹ3ÙÖÞÉÙÐËÎÌɯÌÛɯÈÓȭɯƖƔƕƚȺȭ 

 

  



 

Ƙƛ 

3ÈÉÓÌɯƛȭɯ2ÜÔÔÈÙàɯÖÍɯŗÕËÐÕÎÚɯÛÖɯËÈÛÌɯÙÌÎÈÙËÐÕÎɯ#ÌÓÛÈɯ1,/ɯÈÚÚÌÚÚÔÌÕÛɯØÜÌÚÛÐÖÕÚȭɯ 

/ÙÐÖÙÐÛÐáÌËɯØÜÌÚÛÐÖÕÚɯÈÙÌɯÉÖÓËÌËȭɯ3ÏÌɯ×ÐÌɯÊÏÈÙÛÚɯÌÚÛÐÔÈÛÌɯÛÏÌɯÊÜÙÙÌÕÛɯÓÌÝÌÓɯÖÍɯÊÖÕŗËÌÕÊÌɯÐÕɯÛÏÌɯÈÕÚÞÌÙɯÛÖɯ

ÌÈÊÏɯØÜÌÚÛÐÖÕÚɯȹÈɯÓÈÙÎÌÙɯÉÓÜÌɯÈÙÌÈɯÔÌÈÕÚɯÏÐÎÏÌÙɯÊÖÕŗËÌÕÊÌȺȭɯ3ÏÌɯÓÌÝÌÓɯÖÍɯÊÖÕŗËÌÕÊÌɯÐÚɯÈɯØÜÈÓÐÛÈÛÐÝÌɯ

ÌÚÛÐÔÈÛÌɯÉÈÚÌËɯÖÕɯ×ÙÖÍÌÚÚÐÖÕÈÓɯÑÜËÎÔÌÕÛȭɯ 

 Nutrient Assessment 

Questions 

Current 

Knowledge 

Summary 

Status & Trends (ST)  

ST1 

How do concentrations of 

nutrients (and nutrient-

associated parameters) vary 

spatially and temporally? 

 

Long-term trends in the water column of main 

channels are reasonably well understood in the areas 

where long-term monitoring data have been 

collected. 

Concentrations of all analyzed parameters exhibit 

seasonality, interannual variability, and spatial 

differences. The most substantial spatial differences 

are in the different nitrogen forms (NHϞ, NOϝ, DIN, 

and TN) and chlorophyll-a. 

ST1A 

Are trends similar or different 

across subregions of the 

Delta? 

 

This report and previous synthesis reports (Novick et 

al. 2015, Jabusch et al. 2016) suggest that seasonal 

and long-term trends vary considerably between and 

within subregions of the Delta. Differences are well 

understood for subregions monitored by the DWR-

EMP. Large uncertainties remain around spatial 

variation within and across some subregions, 

including the North Delta, Northeast Delta, and large 

areas of the South Delta. Recent efforts by DWR 

Municipal Water Quality Investigations (MWQI) and 

USGS are starting to fill some of these gaps for the 

North Delta and Northeast Delta.  

ST1B 

How are ambient levels and 

trends affected by variability 

in climate, hydrology, and 

ecology? 

 

The updated data analyses presented in Section 3 of 

this report evaluated how climate variability affected 

ambient concentrations during wet and dry years. Key 

findings were: 

30% to 40% higher concentrations of nitrogen and 

dissolved orthophosphate are present in the 

Sacramento River water during dry years. 

Effect of water year type on chlorophyll-a varied by 

region.  

However, additional research is needed on this topic. 

There are numerous other factors, including other 

climatic factors, that influence ambient 

concentrations of nutrients (see Figure 3). 
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 Nutrient Assessment 

Questions 

Current 

Knowledge 

Summary 

ST1C 

Are there important data 

gaps associated with 

particular water bodies within 

the Delta subregions? 

 

Delta RMP reports including the 2016 Nutrient 

Monitoring Workshop report and previous reports 

produced by ASC (Novick et al. 2015, Jabusch et al. 

2016) have thoroughly addressed this question. Major 

gaps include the North Delta and Eastside 

subregions. 

Trend detection can be improved through well-

planned placement of high-frequency in-situ sensors 

(Bergamaschi et al. 2016, Jabusch et al. 2016). 

Because sensors do not capture all the variables of 

interest, a sensor network and a discrete sampling 

program should be planned to complement each 

other  

The previous reports provide specific 

recommendations for the placement of additional 

stations. These recommendations are synthesized in 

Figure 65. 

ST2 

What is the current status of 

the Delta ecosystem as 

influenced by nutrients?  

A number of research studies have been completed, 

however, this question cannot be comprehensively 

addressed without agreement on the problem and all 

the factors contributing to the problem. The 

development of the Delta Nutrient Research Plan is 

expected to better define the issues.  

ST2A 

What is the current 

ecosystem status of habitat 

types in different types of 

Delta waterways, and how are 

the conditions related to 

nutrients? 

 

See response ST2.  

Sources, Pathways, Loadings & Processes (SPLP) 

SPLP1 

Which sources, pathways, and 

processes contribute most to 

observed levels of nutrients?   

The types and magnitudes of the most important 

sources, pathways, and processes are reasonably well 

understood. Novick et al. (2015) describe the Delta as 

a ògiant biogeochemical reactoró where large scale 

transformations of nutrients entering the system 

occur. Nitrogen uptake by phytoplankton may be a 

dominant process in the system, although a full mass 

balance to test this theory still needs to be 

developed.  

The mechanistic, water quality-hydrodynamic models 

being developed for the Delta may be able to address 

the remaining questions in the future. However, the 

important processes, time-scales, and spatial scales 

need to be better defined in order to know the best 

way forward. 
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 Nutrient Assessment 

Questions 

Current 

Knowledge 

Summary 

SPLP1A 

How have nutrient or 

nutrient-related source 

controls and water 

management actions 

changed ambient levels of 

nutrients and nutrient-

associated parameters? 

 

Data analysis work done by USGS, ASC, and other 

groups have demonstrated relationships between 

certain significant actions (e.g., improvements of 

wastewater treatment) and trends in nutrient loads 

and concentrations. There are gaps in our knowledge 

because monitoring data are not always available in 

the right place and the right time to measure the 

effects of management actions. 

SPLP1B 
What are the loads from 

tributaries to the Delta? 

 

USGS monitoring at Freeport and Vernalis provides 

data on loads to the Delta from the major tributaries, 

with the exception of short-term high intensity 

events. Less is known about loads from other 

tributaries such as the Yolo Bypass or Eastside 

tributaries. USGS is starting to fill some of these gaps 

with a nitrate sensor network in the North Delta. 

SPLP1C 

What are the sources and 

loads of nutrients within the 

Delta?  

 

Good information exists on point source loadings 

within the Delta, but non-point source loads and 

sinks are not well understood. Special studies to 

quantify internal sources and process rates will be 

needed to parameterize a model to answer this 

question fully. 

SPLP1D 

What role do internal sources 

play in influencing observed 

nutrient levels? 

 
See SPLP1C 

SPLP1E 

Which factors in the Delta 

influence the effects of 

nutrients? 

 

These factors are not well understood. The Delta 

Nutrient Research Plan white papers are providing an 

overview on the state of knowledge with regards to 

the effects of nutrients on the abundance and 

distribution of blue green algae and macrophytes, 

and the effects of nutrient forms and ratios on algal 

species composition. A validated mechanistic model 

will be the right tool to answer these questions. 

However, the important processes, time-scales, and 

spatial scales need to be better defined in order to 

know the best way forward. 

SPLP1F 

What are the types and 

sources of nutrient sinks 

within the Delta? 

 
See SPLP1C 

SPLP1G 

What are the types and 

magnitudes of nutrient 

exports from the Delta to 

Suisun Bay and water intakes 

for the State and Federal 

Water Projects? 

 
Novick et al. (2015) provides estimates of the types 

and magnitudes of nutrient loads from the Delta to 

the water intakes of the State and Federal water 

projects. 
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 Nutrient Assessment 

Questions 

Current 

Knowledge 

Summary 

Forecasting Scenarios (FS)  

FS1 

How will ambient water 

quality conditions respond to 

potential or planned future 

source control actions, 

restoration projects, and 

water resource management 

changes? 

 

Addressing this question requires a validated 

mechanistic model which is currently under 

development but not ready for use. Any models 

developed should be employed in an adaptive 

management framework that includes targeted 

laboratory and field experiments designed to test the 

effects of management actions, and to elucidate 

model mechanisms and parameterization.  
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"Ɨɯȹ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯÈÛɯ'ÖÖËȺɯÐÚɯÛÏÌɯÚÐÛÌɯÍÈÙÛÏÌÚÛɯÜ×ÚÛÙÌÈÔɯÖÕɯÛÏÌɯ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙȮɯ#ƚɯȹ,ÈÙÛÐÕÌáȺɯÐÚɯÛÏÌɯÚÐÛÌɯÍÈÙÛÏÌÚÛɯËÖÞÕɪÌÚÛÜÈÙàɯÐÕɯ2ÜÐÚÜÕɯ

!Èàȭɯ'ÐÎÏÓÐÎÏÛÌËɯÐÕɯÙÌËȯɯÔÖÚÛɯÙÌÊÌÕÛɯËÈÛÈɯÍÙÖÔɯËÙÖÜÎÏÛɯàÌÈÙÚɯȹ68ɯƖƔƕƖɬƖƔƕƚȺȭ 



 

ƚƖ 

 

%ÐÎÜÙÌɯƜȭɯ3ÐÔÌɪÚÌÙÐÌÚɯÖÍɯ-.ƿɯȹÔÎɯ-ɤ+ȺɯÈÛɯ#61ɪ$,/ɯÞÈÛÌÙɯØÜÈÓÐÛàɯÔÖÕÐÛÖÙÐÕÎɯÚÛÈÛÐÖÕÚɯÐÕɯÛÏÌɯ"ÌÕÛÙÈÓɯ#ÌÓÛÈȮɯ68ƖƔƔƕɬƖƔƕƚȭɯ 

3ÏÌɯÚÐÛÌÚɯÐÕɯÛÏÐÚɯ×ÈÕÌÓɯÈÙÌɯÖÕɯÛÏÌɯŘÖÞ×ÈÛÏɯÖÍɯ2ÈÊÙÈÔÌÕÛÖɯ1ÐÝÌÙɯÞÈÛÌÙɯÛÖÞÈÙËÚɯÛÏÌɯÞÈÛÌÙɯ×ÜÔ×ÚɯÐÕɯÛÏÌɯÚÖÜÛÏɯ#ÌÓÛÈȯɯ#Ɩƚɯȹ2ÈÕɯ)ÖÈØÜÐÕɯ1ÐÝÌÙɯÈÛɯ

/ÖÛÈÛÖɯ/ÖÐÕÛȺɯ#ƕƝɯȹ%ÙÈÕÒɀÚɯ3ÙÈÊÛȺȮɯ#ƖƜɯȹ.ÓËɯ1ÐÝÌÙȺȭɯ'ÐÎÏÓÐÎÏÛÌËɯÐÕɯÙÌËȯɯÔÖÚÛɯÙÌÊÌÕÛɯËÈÛÈɯÍÙÖÔɯËÙÖÜÎÏÛɯàÌÈÙÚɯȹ68ɯƖƔƕƖɬƖƔƕƚȺȭ 




















































































































