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Outline

• Availability of Kd data
• GAM method
• kd trends over time: Maps and examples from different periods
• Secchi trends over time : side-by-side with kd
• First-cut summary of kd and Secchi trends by salinity zone and 

sampling program
•  lots of maps and graphs



Kd data

• Long-term MD and VA
• CONMON and DATAFLOW calibration sites
• Limited to stations with >7 years of data
• Considered which seasons data is available. 

• All stations Apr-Oct coverage good
• Only 76/128 had good enough annual coverage (VA stations only)
• maps here focus on change in Apr-Oct period only

• Selected different sets of years to analyze based on data available:

Kd data compiled by Mike Mallonee (ICPRB at CBP)



1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
CB1.1 7 8 1 7 14 16 12 15 18 16 16 4 12 11 11 13 18 25 11 13 11 13 12 8 11 15 9 5 13 8
CB2.2 6 9 2 7 12 17 13 16 17 17 16 4 13 11 12 14 19 25 10 12 11 13 12 8 9 15 10 7 12 7
CB3.3C 6 12 2 9 14 15 14 18 18 16 18 5 12 13 12 14 17 26 11 12 10 12 12 8 9 13 9 7 11 7
CB4.3C 6 10 1 10 15 16 12 12 18 18 16 4 11 13 12 14 16 25 10 10 9 9 12 7 9 10 7 8 10 7
CB5.2 6 13 3 9 16 15 14 13 18 14 16 5 12 12 12 12 17 23 10 11 9 9 9 6 7 11 5 9 9 8
ET5.1 6 12 11 10 10 13 11 10 11 16 13 6 12 13 13 10 17 25 11 10 12 3 1
ET5.2 6 15 11 11 12 13 11 12 12 16 12 6 12 13 12 10 16 25 11 10 10 6 6 5 3
LE1.1 7 15 7 10 14 16 15 17 18 16 14 7 14 13 13 13 19 27 23 23 26 12 4 13 8
LE2.2 8 2 1 13 12 13 12 18 25 9 10 2 6 4 5 8
RET2.2 4 16 10 13 12 16 14 13 13 18 13 6 12 12 13 12 18 25 9 9 6 10 9 5 2
TF1.5 6 11 7 8 13 16 15 17 17 14 15 5 14 12 12 11 19 24 11 9 11 10 5 10 6
TF1.7 7 12 8 8 14 17 15 16 17 15 16 6 14 13 13 13 19 25 23 24 26 11 7 13 6
TF2.3 4 17 11 12 10 16 15 14 13 18 12 5 11 12 13 13 18 25 7 19 7 14 10 11 3
WT5.1 7 12 10 10 9 13 9 11 12 16 11 5 12 13 13 11 15 24 11 10 9 3 10 5 6
CB2.1 13 11 10 13 13 13 10 12 11 12 12 7 10 15 10 5 12 8
CB3.1 12 11 12 14 13 13 11 12 11 12 12 8 9 14 10 6 11 7
CB3.2 10 11 11 13 12 12 11 12 11 11 12 7 9 14 10 7 10 7
CB3.3E 11 12 10 12 10 12 11 11 10 11 11 8 9 8 7 4 10 7
CB3.3W 11 12 10 12 11 12 10 11 10 11 11 8 9 8 8 4 10 7
CB4.1C 12 12 12 14 13 12 11 11 10 12 12 1 8 10 12 9 7 11 8
CB4.1E 11 11 10 12 11 11 11 10 10 11 10 8 8 8 6 4 9 7
CB4.1W 11 11 10 12 9 11 10 10 10 11 10 8 7 8 7 4 8 7
CB4.2C 11 12 11 14 12 13 12 11 9 11 12 8 9 12 8 6 12 8
CB4.2E 10 11 11 12 10 11 10 9 9 10 10 8 7 8 5 4 8 7
CB4.2W 10 11 11 12 9 11 11 11 9 11 10 8 8 8 7 4 9 7
CB4.3E 11 12 10 12 11 12 9 11 9 9 10 6 7 7 4 5 8 7
CB4.3W 10 12 10 12 10 11 10 11 9 9 11 8 7 9 5 4 9 7
CB4.4 13 13 11 13 13 13 11 13 9 12 11 1 7 9 11 7 10 10 8
CB5.1 13 13 12 13 13 13 10 13 8 11 10 7 8 12 7 11 10 8
CB5.3 11 12 10 10 10 11 8 10 8 8 8 5 6 9 3 9 8 8
CB5.4 12 15 12 10 14 14 14 11 12 10 10 12 14 14 15 12 11 10 13 13 13 10 13 13
CB5.4W 8 14 12 10 14 14 14 12 12 15 11 13 12 14 14 10 11 8 14 12 12 12 13 13
CB5.5 13 16 16 9 13 13 14 13 13 10 11 13 13 14 15 12 10 10 14 13 13 10 13 13
CB6.1 16 16 17 10 14 14 12 13 14 12 12 15 14 14 15 13 12 11 12 13 14 12 13 13
CB6.2 15 17 17 10 13 14 14 13 13 11 12 16 14 14 15 13 13 11 14 13 13 12 12 13
CB6.3 16 16 17 10 14 14 13 13 13 12 11 14 14 14 15 14 14 11 14 13 14 12 12 12
CB6.4 14 15 10 12 14 14 14 13 13 16 12 15 14 13 14 13 14 14 14 15 15 12 12 12
CB7.1 16 17 15 10 14 13 14 12 11 10 12 13 14 12 15 10 12 11 14 13 11 12 11 12
CB7.1N 14 13 12 11 13 14 12 12 12 9 10 13 14 13 15 11 12 10 14 14 11 11 13 10
CB7.1S 16 16 16 9 13 14 13 11 11 12 12 14 14 14 15 11 12 11 14 13 11 12 8 12
CB7.2 15 17 18 11 14 14 14 12 12 10 12 16 14 14 15 14 14 11 12 14 14 11 11 13
CB7.2E 15 17 18 11 13 14 14 12 13 11 12 16 14 14 15 14 14 11 13 13 14 12 13 12
CB7.3 14 14 11 10 13 13 10 13 14 14 13 15 12 13 13 14 13 13 13 13 15 12 14 11
CB7.3E 13 14 14 10 14 13 14 12 12 12 13 16 14 14 15 14 13 13 14 15 14 13 12 12
CB7.4 13 16 11 11 14 14 14 13 13 15 13 16 14 13 15 14 14 13 12 14 14 12 13 11
CB7.4N 13 17 16 10 13 13 13 13 12 13 14 16 14 13 15 14 14 13 11 14 14 12 13 11
CB8.1 13 18 13 10 13 13 13 14 13 16 13 16 14 13 15 13 14 13 12 14 14 11 14 11
CB8.1E 13 15 14 10 14 14 14 14 12 10 14 16 13 10 13 14 14 12 11 14 13 11 9 11
EE3.4 15 17 15 11 13 14 13 12 12 9 12 13 13 13 13 9 11 9 12 10 10 12 12 12
EE3.5 16 16 16 11 13 14 13 10 12 7 11 14 13 14 15 11 12 11 13 13 11 12 13 11
LE2.3 12 13 11 11 12 11 9 11 9 17 16 7 4 6 10 4 9 11 8
LE3.6 16 16 16 9 12 14 14 13 13 14 12 16 12 14 15 13 12 11 14 15 13 11 12 13
LE3.7 14 15 16 10 10 8 13 11 11 15 13 15 14 14 15 13 12 11 13 15 14 12 13 13
LE5.5-W 1 14 14 14 14 14 18 14 14 15 14 15 14 14 13 13 15 14 13 14 13
RET3.1 11 12 12 11 12 10 9 12 11 10 12 5 8 7 5 5 7 2 2 6 3 6
RET4.3 10 11 12 12 12 11 11 12 9 9 10 11 7 5 9 7 7 11 6 8 7 9 7
RET5.2 9 12 12 12 11 10 12 11 8 9 7 9 5 7 6 2 4 10 10 9 10 7 6
SBE5 9 9 12 12 12 12 12 10 12 12 12 12 7 11 12 9 8 8 7
TF3.3 11 12 12 12 12 10 8 14 19 8 12 6 9 7 5 5 8 2 4 5 2 6
TF4.2 11 12 12 12 12 10 10 9 9 11 10 5 9 8 7 5 3 1 2 4 2 4
TF5.5 13 11 12 12 11 10 8 12 16 11 8 5 9 8 8 6 6 3 2 6 4 5
WE4.1 13 14 18 10 14 14 14 14 14 20 15 15 15 14 15 13 14 14 12 13 15 12 14 13
WE4.2 16 14 15 10 14 14 14 14 13 18 14 14 15 13 15 13 14 14 13 15 15 13 14 13
WE4.3 14 16 14 11 14 13 14 12 14 15 15 14 15 13 14 13 13 14 13 14 15 13 13 13
WE4.4 15 16 17 12 12 14 14 13 13 18 14 14 15 13 15 13 13 14 14 15 14 13 12 13
EBB01 12 8 11 11 8 9 11 8 9 3
EBE1 11 11 12 9 13 13 12 10 12 12 12 12
ELD01 12 10 11 13 15 8 10 6 7 3
ELE01 12 10 11 10 9 7 11 10 9 3
ELI2 11 12 11 12 12 12 12 10 11 12 12 12
LE3.1 12 12 11 11 11 11 11 9 9 7 10 9 8 2
LE3.2 11 12 11 11 11 11 11 11 6 5 9 9 6 2
LE3.3 11 12 12 12 11 11 11 10 6 7 9 6 7 2
LE3.4 11 12 12 10 11 11 10 8 4 4 7 5 6 2
LE4.1 10 11 12 12 12 11 11 12 12 5 8 9 6
LE4.2 10 11 12 12 12 11 11 12 5 5 5 6 3
LE4.3 10 10 11 12 11 10 10 11 7 6 4 6 3 1
LE5.1 9 12 12 12 12 10 12 11 7 10 10 8 5 1
LE5.2 9 12 12 12 11 10 12 9 6 9 7 9 2 1
LE5.3 9 12 12 12 11 10 12 12 10 6 4 7 3
LE5.4 8 12 10 11 10 9 10 11 8 9 5 9 4
LE5.6 7 9 8 8 7 8 7 10 5 8 5 6 4 2
LFA01 12 11 11 11 9 8 9 6 4 3
LFB01 12 11 12 11 7 9 8 8 7 3
RET3.2 12 12 12 11 12 9 9 11 10 11 11 6 8 3
RET4.1 9 11 12 11 12 10 10 12 6 9 10 12 8 1
RET4.2 12 11 12 12 12 8 9 11 8 12 9 5 7 3
RET5.1A 13 11 12 12 11 10 9 12 12 11 9 5 9 3
SBE2 10 12 12 11 12 12 12 10 12 12 12 12
TF3.1B 10 10 9 9 8 11 9 4 6 3 7 9 10 2
TF3.1E 10 10 9 9 8 11 9 4 6 3 7 9 10 2
TF3.2 10 10 9 9 7 11 9 4 5 3 7 9 10 2
TF3.2A 10 12 12 12 12 10 9 11 10 10 11 6 7 2
TF4.4 12 12 12 12 12 9 9 11 14 12 10 5 9 3
TF5.2A 12 10 11 10 10 3 7 9 12 7 8 5 6 3 2
TF5.3 12 10 12 11 11 9 8 11 12 7 9 6 6 3
TF5.4 13 10 11 12 11 9 8 11 12 11 9 6 9 3
TF5.5A 13 11 12 12 11 10 9 13 12 10 9 6 9 3
TF5.6 13 11 12 12 11 10 9 11 12 11 7 6 9 3
WBB05 11 11 11 11 8 10 11 8 11 3
WBE1 8 12 12 12 20 13 12 10 12 12 12 12
CHE019.38 84 89 63 110 81 119 102 96 94
COR0056 6 5 7 7 5 6 7 7 7 7 7
LMN0028 8 8 13 15 15 15 15 4 8 8 3
PMK012.18 18 21 66 61 57 60 60 69 69 63 69
PMK034.00 18 20 69 72 57 63 57 77 66 66 72
PXT0455 19 17 20 20 12 17 17 17 18 20 18 17 16 9
TSK000.23 81 86 71 75 84 88 81 84 96
WXT0013 16 16 18 17 13 11 11 12 12 13 13 10 12 7
XBF7904 21 15 22 11 15 17 16 11 8 13 4
XEA3687 15 15 20 16 22 7 15 15 16 9 10 12
XHF0460 12 7 15 5 14 19 19 21 14 11 10 3 5
XHH3851 26 20 17 23 26 26 29 27 25 25 26 19
XHH4528 6 6 6 6 5 7 7 7 6 7 7
XHH4916 16 11 19 17 19 24 7 7 5 7 7
XHH4931 13 15 20 18 20 24 25 19 21 20 14
XIE5748 13 5 15 6 12 19 15 19 14
XJG7035 16 21 22 7 3 5 12 17 13 14 12 15 16 8
XJI2396 8 19 21 16 15 15 15 16 15 10
XKH0375 10 9 12 9 15 10 7 7 8 5
XKH2949 14 16 20 13 16 15 8 11 13 5
YRK005.40 21 23 2 102 95 53 93 81 98 102 92 103
YRK015.09 18 21 116 117 71 93 78 98 102 96 83
ZDM0001 19 15 8 15 15 15
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Generalized Additive Model Approach

5

x= data
Black line = full model
Colored lines = estimates on different 
days of the year (red is 7/1)

GAM development team: Elgin Perry, Jon Harcum (Tetra Tech), 
Jeni Keisman (USGS), Mike Lane (ODU), Renee Karrh (MDDNR)
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1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
CB1.1 7 8 1 7 14 16 12 15 18 16 16 4 12 11 11 13 18 25 11 13 11 13 12 8 11 15 9 5 13 8
CB2.2 6 9 2 7 12 17 13 16 17 17 16 4 13 11 12 14 19 25 10 12 11 13 12 8 9 15 10 7 12 7
CB3.3C 6 12 2 9 14 15 14 18 18 16 18 5 12 13 12 14 17 26 11 12 10 12 12 8 9 13 9 7 11 7
CB4.3C 6 10 1 10 15 16 12 12 18 18 16 4 11 13 12 14 16 25 10 10 9 9 12 7 9 10 7 8 10 7
CB5.2 6 13 3 9 16 15 14 13 18 14 16 5 12 12 12 12 17 23 10 11 9 9 9 6 7 11 5 9 9 8
ET5.1 6 12 11 10 10 13 11 10 11 16 13 6 12 13 13 10 17 25 11 10 12 3 1
ET5.2 6 15 11 11 12 13 11 12 12 16 12 6 12 13 12 10 16 25 11 10 10 6 6 5 3
LE1.1 7 15 7 10 14 16 15 17 18 16 14 7 14 13 13 13 19 27 23 23 26 12 4 13 8
LE2.2 8 2 1 13 12 13 12 18 25 9 10 2 6 4 5 8
RET2.2 4 16 10 13 12 16 14 13 13 18 13 6 12 12 13 12 18 25 9 9 6 10 9 5 2
TF1.5 6 11 7 8 13 16 15 17 17 14 15 5 14 12 12 11 19 24 11 9 11 10 5 10 6
TF1.7 7 12 8 8 14 17 15 16 17 15 16 6 14 13 13 13 19 25 23 24 26 11 7 13 6
TF2.3 4 17 11 12 10 16 15 14 13 18 12 5 11 12 13 13 18 25 7 19 7 14 10 11 3
WT5.1 7 12 10 10 9 13 9 11 12 16 11 5 12 13 13 11 15 24 11 10 9 3 10 5 6
CB2.1 13 11 10 13 13 13 10 12 11 12 12 7 10 15 10 5 12 8
CB3.1 12 11 12 14 13 13 11 12 11 12 12 8 9 14 10 6 11 7
CB3.2 10 11 11 13 12 12 11 12 11 11 12 7 9 14 10 7 10 7
CB3.3E 11 12 10 12 10 12 11 11 10 11 11 8 9 8 7 4 10 7
CB3.3W 11 12 10 12 11 12 10 11 10 11 11 8 9 8 8 4 10 7
CB4.1C 12 12 12 14 13 12 11 11 10 12 12 1 8 10 12 9 7 11 8
CB4.1E 11 11 10 12 11 11 11 10 10 11 10 8 8 8 6 4 9 7
CB4.1W 11 11 10 12 9 11 10 10 10 11 10 8 7 8 7 4 8 7
CB4.2C 11 12 11 14 12 13 12 11 9 11 12 8 9 12 8 6 12 8
CB4.2E 10 11 11 12 10 11 10 9 9 10 10 8 7 8 5 4 8 7
CB4.2W 10 11 11 12 9 11 11 11 9 11 10 8 8 8 7 4 9 7
CB4.3E 11 12 10 12 11 12 9 11 9 9 10 6 7 7 4 5 8 7
CB4.3W 10 12 10 12 10 11 10 11 9 9 11 8 7 9 5 4 9 7
CB4.4 13 13 11 13 13 13 11 13 9 12 11 1 7 9 11 7 10 10 8
CB5.1 13 13 12 13 13 13 10 13 8 11 10 7 8 12 7 11 10 8
CB5.3 11 12 10 10 10 11 8 10 8 8 8 5 6 9 3 9 8 8
CB5.4 12 15 12 10 14 14 14 11 12 10 10 12 14 14 15 12 11 10 13 13 13 10 13 13
CB5.4W 8 14 12 10 14 14 14 12 12 15 11 13 12 14 14 10 11 8 14 12 12 12 13 13
CB5.5 13 16 16 9 13 13 14 13 13 10 11 13 13 14 15 12 10 10 14 13 13 10 13 13
CB6.1 16 16 17 10 14 14 12 13 14 12 12 15 14 14 15 13 12 11 12 13 14 12 13 13
CB6.2 15 17 17 10 13 14 14 13 13 11 12 16 14 14 15 13 13 11 14 13 13 12 12 13
CB6.3 16 16 17 10 14 14 13 13 13 12 11 14 14 14 15 14 14 11 14 13 14 12 12 12
CB6.4 14 15 10 12 14 14 14 13 13 16 12 15 14 13 14 13 14 14 14 15 15 12 12 12
CB7.1 16 17 15 10 14 13 14 12 11 10 12 13 14 12 15 10 12 11 14 13 11 12 11 12
CB7.1N 14 13 12 11 13 14 12 12 12 9 10 13 14 13 15 11 12 10 14 14 11 11 13 10
CB7.1S 16 16 16 9 13 14 13 11 11 12 12 14 14 14 15 11 12 11 14 13 11 12 8 12
CB7.2 15 17 18 11 14 14 14 12 12 10 12 16 14 14 15 14 14 11 12 14 14 11 11 13
CB7.2E 15 17 18 11 13 14 14 12 13 11 12 16 14 14 15 14 14 11 13 13 14 12 13 12
CB7.3 14 14 11 10 13 13 10 13 14 14 13 15 12 13 13 14 13 13 13 13 15 12 14 11
CB7.3E 13 14 14 10 14 13 14 12 12 12 13 16 14 14 15 14 13 13 14 15 14 13 12 12
CB7.4 13 16 11 11 14 14 14 13 13 15 13 16 14 13 15 14 14 13 12 14 14 12 13 11
CB7.4N 13 17 16 10 13 13 13 13 12 13 14 16 14 13 15 14 14 13 11 14 14 12 13 11
CB8.1 13 18 13 10 13 13 13 14 13 16 13 16 14 13 15 13 14 13 12 14 14 11 14 11
CB8.1E 13 15 14 10 14 14 14 14 12 10 14 16 13 10 13 14 14 12 11 14 13 11 9 11
EE3.4 15 17 15 11 13 14 13 12 12 9 12 13 13 13 13 9 11 9 12 10 10 12 12 12
EE3.5 16 16 16 11 13 14 13 10 12 7 11 14 13 14 15 11 12 11 13 13 11 12 13 11
LE2.3 12 13 11 11 12 11 9 11 9 17 16 7 4 6 10 4 9 11 8
LE3.6 16 16 16 9 12 14 14 13 13 14 12 16 12 14 15 13 12 11 14 15 13 11 12 13
LE3.7 14 15 16 10 10 8 13 11 11 15 13 15 14 14 15 13 12 11 13 15 14 12 13 13
LE5.5-W 1 14 14 14 14 14 18 14 14 15 14 15 14 14 13 13 15 14 13 14 13
RET3.1 11 12 12 11 12 10 9 12 11 10 12 5 8 7 5 5 7 2 2 6 3 6
RET4.3 10 11 12 12 12 11 11 12 9 9 10 11 7 5 9 7 7 11 6 8 7 9 7
RET5.2 9 12 12 12 11 10 12 11 8 9 7 9 5 7 6 2 4 10 10 9 10 7 6
SBE5 9 9 12 12 12 12 12 10 12 12 12 12 7 11 12 9 8 8 7
TF3.3 11 12 12 12 12 10 8 14 19 8 12 6 9 7 5 5 8 2 4 5 2 6
TF4.2 11 12 12 12 12 10 10 9 9 11 10 5 9 8 7 5 3 1 2 4 2 4
TF5.5 13 11 12 12 11 10 8 12 16 11 8 5 9 8 8 6 6 3 2 6 4 5
WE4.1 13 14 18 10 14 14 14 14 14 20 15 15 15 14 15 13 14 14 12 13 15 12 14 13
WE4.2 16 14 15 10 14 14 14 14 13 18 14 14 15 13 15 13 14 14 13 15 15 13 14 13
WE4.3 14 16 14 11 14 13 14 12 14 15 15 14 15 13 14 13 13 14 13 14 15 13 13 13
WE4.4 15 16 17 12 12 14 14 13 13 18 14 14 15 13 15 13 13 14 14 15 14 13 12 13
EBB01 12 8 11 11 8 9 11 8 9 3
EBE1 11 11 12 9 13 13 12 10 12 12 12 12
ELD01 12 10 11 13 15 8 10 6 7 3
ELE01 12 10 11 10 9 7 11 10 9 3
ELI2 11 12 11 12 12 12 12 10 11 12 12 12
LE3.1 12 12 11 11 11 11 11 9 9 7 10 9 8 2
LE3.2 11 12 11 11 11 11 11 11 6 5 9 9 6 2
LE3.3 11 12 12 12 11 11 11 10 6 7 9 6 7 2
LE3.4 11 12 12 10 11 11 10 8 4 4 7 5 6 2
LE4.1 10 11 12 12 12 11 11 12 12 5 8 9 6
LE4.2 10 11 12 12 12 11 11 12 5 5 5 6 3
LE4.3 10 10 11 12 11 10 10 11 7 6 4 6 3 1
LE5.1 9 12 12 12 12 10 12 11 7 10 10 8 5 1
LE5.2 9 12 12 12 11 10 12 9 6 9 7 9 2 1
LE5.3 9 12 12 12 11 10 12 12 10 6 4 7 3
LE5.4 8 12 10 11 10 9 10 11 8 9 5 9 4
LE5.6 7 9 8 8 7 8 7 10 5 8 5 6 4 2
LFA01 12 11 11 11 9 8 9 6 4 3
LFB01 12 11 12 11 7 9 8 8 7 3
RET3.2 12 12 12 11 12 9 9 11 10 11 11 6 8 3
RET4.1 9 11 12 11 12 10 10 12 6 9 10 12 8 1
RET4.2 12 11 12 12 12 8 9 11 8 12 9 5 7 3
RET5.1A 13 11 12 12 11 10 9 12 12 11 9 5 9 3
SBE2 10 12 12 11 12 12 12 10 12 12 12 12
TF3.1B 10 10 9 9 8 11 9 4 6 3 7 9 10 2
TF3.1E 10 10 9 9 8 11 9 4 6 3 7 9 10 2
TF3.2 10 10 9 9 7 11 9 4 5 3 7 9 10 2
TF3.2A 10 12 12 12 12 10 9 11 10 10 11 6 7 2
TF4.4 12 12 12 12 12 9 9 11 14 12 10 5 9 3
TF5.2A 12 10 11 10 10 3 7 9 12 7 8 5 6 3 2
TF5.3 12 10 12 11 11 9 8 11 12 7 9 6 6 3
TF5.4 13 10 11 12 11 9 8 11 12 11 9 6 9 3
TF5.5A 13 11 12 12 11 10 9 13 12 10 9 6 9 3
TF5.6 13 11 12 12 11 10 9 11 12 11 7 6 9 3
WBB05 11 11 11 11 8 10 11 8 11 3
WBE1 8 12 12 12 20 13 12 10 12 12 12 12
CHE019.38 84 89 63 110 81 119 102 96 94
COR0056 6 5 7 7 5 6 7 7 7 7 7
LMN0028 8 8 13 15 15 15 15 4 8 8 3
PMK012.18 18 21 66 61 57 60 60 69 69 63 69
PMK034.00 18 20 69 72 57 63 57 77 66 66 72
PXT0455 19 17 20 20 12 17 17 17 18 20 18 17 16 9
TSK000.23 81 86 71 75 84 88 81 84 96
WXT0013 16 16 18 17 13 11 11 12 12 13 13 10 12 7
XBF7904 21 15 22 11 15 17 16 11 8 13 4
XEA3687 15 15 20 16 22 7 15 15 16 9 10 12
XHF0460 12 7 15 5 14 19 19 21 14 11 10 3 5
XHH3851 26 20 17 23 26 26 29 27 25 25 26 19
XHH4528 6 6 6 6 5 7 7 7 6 7 7
XHH4916 16 11 19 17 19 24 7 7 5 7 7
XHH4931 13 15 20 18 20 24 25 19 21 20 14
XIE5748 13 5 15 6 12 19 15 19 14
XJG7035 16 21 22 7 3 5 12 17 13 14 12 15 16 8
XJI2396 8 19 21 16 15 15 15 16 15 10
XKH0375 10 9 12 9 15 10 7 7 8 5
XKH2949 14 16 20 13 16 15 8 11 13 5
YRK005.40 21 23 2 102 95 53 93 81 98 102 92 103
YRK015.09 18 21 116 117 71 93 78 98 102 96 83
ZDM0001 19 15 8 15 15 15
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Many stations sampled in ~10 year periods

Many tributary

Shallow programs



present>30yr ago 1985                                    1994 1995                                    2004 2005                                  2015

36 
stations 
only 
sampled 
in this 
period 
(many 
tributary 
stations)

Recent 
period is 
the one 
with some 
CONMON 
and 
DATATFLOW 
calibration 
locations
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Secchi

• Pulled all long-term and CONMON/DATAFLOW stations with >7 years 
of secchi data

• Made maps for same periods (Apr-Oct and annual)
• Can compare graphs side-by-side
• Did some summary statistics of trends compared to kd for periods 

with most data



30+ years 1990s-00s 2000s-10s

Kd Kd Kd

Secchi Secchi Secchi
30+ years 1990s-00s 2000s-10s

Overview



Note: annual is very similar1985                                    1994 1995                                    2004 2005                                  2015 present>30yr ago

Full Period: 1980s to present
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Middle: 1990s to 2000s (approx. 10 years)
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Recent: 2000s to present (approx. 10 years)
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Recent: 2000s to present (approx. 10 years)

Are we going to sustain this recent increase? 
Need to be careful about it.



Some overall summary comparisons



Zone Improving No 
trend

Degrading

TF 31% 63% 6%

OH 45% 45% 9%

MH 26% 67% 7%

PH 43% 43% 14%

Kd: Percent of likely* trends from 90s to 00s

Zone Improving No 
trend

Degrading

TF 32% 32% 36%

OH 5% 33% 62%

MH 0% 17% 83%

PH 0% 12% 88%

Secchi: Percent of likely* trends from 90s to 00s

*note, these are using “significant” and 
“possible” trends

present>30yr ago 1985                                    1994 1995                                    2004 2005                                  2015
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Zone Improving No 
trend

Degrading

TF 20% 50% 30%
OH 43% 29% 29%
MH 44% 49% 8%
PH 70% 30% 0%

Kd: Percent of likely* trends from 00s to 10s

Zone Improving No 
trend

Degrading

TF 23% 46% 31%
OH 24% 48% 28%
MH 49% 47% 4%
PH 66% 34% 0%

Secchi: Percent of likely* trends from 00s to 10s

*note, these are using “significant” and 
“possible” trends



Program Improving No 
trend

Degrading

long-term 59% 38% 4%

shallowa 22% 52% 26%

Program Improving No 
trend

Degrading

long-term 49% 41% 10%

shallow 12% 62% 27%

Kd: Percent of likely* trends from 00s to 10s

Secchi: Percent of likely* trends from 00s to 10s

a “shallow” refers to either CONMON or DATAFLOW 
calibration observations
*note, these are using “significant” and “possible” trends

present>30yr ago 1985                                    1994 1995                                    2004 2005                                  2015



Summary

• Until recent years, trends for any period bay-wide for kd and secchi
seem to be in opposite directions

• Exception: Tidal fresh kd and secchi appear to be more similar in trend than 
anywhere else

• However, in recent 10 years, the kd and secchi are following generally 
the same improving pattern

• More generally:
• Kd and secchi data are co-located at many stations in time
• Many more graphs and ways to look at the data


	Kd and Secchi trends and patterns over time: �using GAM approach
	Outline
	Kd data
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Secchi 
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Some overall summary comparisons
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Summary

