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« To investigate the eff
on the outcomes of
Monitoring (PBM)
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— Spatlal Autocori
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* To provide practical advice to State
managers for implementing PBMs..
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« Use “natural experl n
scale for \E

e Condu ‘ studi
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mercury in sediment at three scales: ==
— Gulf of Maine ' e
— New Hampshire
— Small study areas




Scale Model of Hexago

New Hampshire:
322 ha
2 km X 2 km

Massachusetts:
17,500 ha
13 km X 13 km

Maine:
50,000 ha
22 km X 22 km
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Resource Area in NH NCA and Special Study Hexagons
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Outcome: esi -
reasonably estimates average“m--'
values at multiple spatial scales.
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Methods

« Compare cumulative
(CDF) fro 1 a ra: ;F':._?-.‘.'t SuU
NCA data to who

‘ A . [ ] '!-_-.h-: »___‘ /e STl
» Compare CDF for - intensive studyar
to NH NCA samples from the same are:

e —

« Use mercury in sediment concentrations
as a common parameter




NH NCA Study
Design in Great Bay

Trend stations shown
in yellow
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NH NCA Design
with locations of
special studies

Cocheco River

i1

Southeast
Great Bay




Hg Concentrations in the Cocheco River Hg Concentrations in the Salmon Falls River
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Representativeness !

e NCA study deS|gn .f'
2 CDFS gl mis *
two dlffere

robust.
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Definition of Semivariogram

Schematic Semi-Variogram Sill ~ Total variance among distant
samples. For completely

Independent data this simplifies to
sample variance S2

Nugget Effect ~ Measure of small
scale spatial heterogeneity.

Range of Influence ~ Distance at
which samples are uncorrelated.

Semi-Variance

The semi-variogram is a
measure of dissimilarity:

- V)2
a I]..E Uj# . D.IE ﬂ.lH 1 Average (%fl)

Distance Between Samples

Spatial Correlation = 1 - (Semi-Variogram)/a?

Source: John W Kern




Semivariogram for Ln [l:l__

Gulf of Maine

Range ~20 km Nugget Semivariance ~0.35 | | Sill Semivariance ~1.2

Isotropic “ariogram
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Semivariogram for Ln [F
NH NCA (2000-2001)

All NH NCA sites appear to be autocorrelated |

0.960 1
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Exponential model (Co = 0.4340; Co + C = 1.7170; Ao = 396580.00; (2 = 0.B4E;
RSS =0.0671)
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NH NCA Design
with locations of
special studies

Cocheco River
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Southeast
Great Bay




Semivariogram for L
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Semivariogram for Ln [Hg]
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Piscataqua River
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Semivariogram for Li

Salmon Falls R
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Summary — High Density Hg Data

_-_-] « SE Great Bay. Median [HQJ,?O-ZZ . Max =0.30
— Semivariance suggestive of small nugget at fine scale™ -
. Wﬂ

Cocheco. Median [Hg] =0.52 ~ Max=0.76
— All nugget but low semivariance (0.26), - w ==
— Consistently high Hg concentrations:

Piscataqua. Median [Hg] = 0.20 X-==0-67
Salmon Falls. Median [Hg] = 0.27 Max = 0.60

— All nugget with high semivariance (0.90-0.97)

— Mixture of high and low Hg concentrations. Heterogeneous.




Spatial Correlation Conclum

 On a broad scale, statlorﬂﬁmkm apart.
are uncorrelated and independent

 NH NCA stations are ~ 2 km apart'%
autocorrelation appears to be.presert ==
However, the type and level ¢ C
autocorrelation Is not uniform.

 Drill down into four areas with high Hg In
NH NCA survey revealed three dlfferent
contamination structures. =
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“Outcome: Variance gher than

expected. For smali s“c=a les, varlance._,
algorithm and assumption of

Independence may be in error. TRt




Variance/Confi_ld;_ .

e With 82 NCA statior
NH coas ne, we WO
confid t.e /

 However, the I

algorithm pro ed very large error ba
on our estimates. e




Mercury in Sediment in NH's Estuaries

9%
0%

48%

43%

Possible
range:
14-72%!

m<TECc(48 +/-18% ) \
m>TEC, <PEC

O>PEC
O Missing data: 9 +/-5%
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Variance estimates for percent of NH's estuaries <ERL for Hg

LCL UCL ClI Error Bar

————

Scenario

=

Original 35.55% | 74.34% | 38.80% | 19.40%

| :

Orginial Wit Area
X1000
Original with Area
X0.001

35.55% | 74.34% | 38.80% | 19.40%

il

35.55% | 74.34% | 38.80% | 19.40%

Smallest 10 Removed 38.90% 71.92% 33.03% 16.51%

Largest 10 Removed 36.71% | 65.38% | 28.67% 14.33%

smallestand Largest | 41 o506 | 63.14% | 21.89% | 10.94%
10 Removed

—— T

Medians 43.23% | 53.27% | 10.04% 5.02%
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Example of riverine
resource in NCA
hexagons
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Possible Caus s
Vari -g,

* Is the recommended algo
correct for the S|tuat|on in N
Somethin ot qw

Other issues S g
« Samples In NH are not indepe 5
— New analysis methods mlght he needed to ) addre:
autocorrelation. ——— —
 Are hexagons the appropriate sampllng deS|gn for’Th‘
resource in NH?
— Most NH hexagons are <50% resource
— Median %resource Iin a hex Is 18%

p—

e —
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Value of the NCA A ; g
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* Provides unbiased com
conditions between h _h _ _.
* Provid 'accurat presentation of __
median values of a parameter at t
and regional eve "‘“*

— e _f e -

 Cost-effective monltorlng strategy f~ or
assessing 100% of surface waters for
8305(b) reporting. am———an
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Potential Problems with the NC

ikely. May violate assumptior |

Inflated variance/confidence mtervals
develop at small spatial scales.
in variance estimator algorithm a

i o “ime

State managers need to consider th B
factors when using NCA data or data from
small scale PBMs for CWA reporting

requirements. =~ —
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Methods

» “Sampled” bathym
determine estim

g CO are#d,. . ';"-?:] ' -
* |dentified unresolv

relationship to hex size
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' Red hex=20 hex design
Blue hex=160 hex design
Yellow=>20 ft channel




Bathymetry CDFs for Different Designs

CDFs diverge

at >20ft depth
70
60 160 hex design True Distribution
g 50 matches true NH NCA 80 hex design
L . =
= CDF well. 20 hex design -
S 40 _
a 160 hex design
30 —X¥— 40 hex design i
20 \ p—
10 Therefore, deep
0 11— o channel is the
20 40 60 30 100 unresolved feature &

Percent of Estuary




80 hexs (NH NCA) — OB m——

160 hexs




Spatial Resolut . g
Conclus |

e |n this case, to resolve
feature, need hex g

by the feature.
* This result may not be transtatabl
cases/situations. —

e Could generate a rule of thumb if this . -
result were repeated with different
parameters in different locations. =



Semivariogram for Ln [H

the Northeast (DE thr

P .

Isotropic Yariogram

18.11 . O

O |

12.0: Distance of 20 km

corresponds to ~400
Range ~20,000 m km2 grid size

2.0} 0 / (assuming square).
| Median hex size for

! Northeast states

il : (except NH) is ~300

m__ D/J Nugget Semivar ~0.3 km2. For NH, median

size is <100 km2.

SEemiv anance

0.0 : : : ; i : : : : : i i ; ;
0.00 000,00 SO000.00 Pl n g u) T

Separation Distance

List\alues | Graph Cloud [ Edit Graph|  Print Graph Exit |




B AAE L ] | i

DE

NJ

— | :
N —
| x
5
O
— | -
L <
% < =
c —] =
(b} L
= E
w z
- T
0p] . =
c — | ¢
C | IR I N R R |
@) © LT MmN A O
_M 001 1uadliad
>
o © N ©
[V} — —

sjuawIpas ul DO01%




