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Mission of the Delaware Basin
Collaborative Envirenmental Monitoring
and Research Initiative (CEMRI)

““To address regional and watershed-
scale i1ssues through testing of
potential national-scale collaborative
strategies among existing biological,
terrestrial, aquatic, and atmospheric
monitoring and research programs.”



Overview of Delaware River Basin
Pilot Monitoring Program

> Multi-agency effort to develop an environmental
monitoring framework

o USGS, ES, NPS, NASA, State and local partners

> Integrated application of monitering technology.
at multiple scales

> Capable ofi addressing multiple issues

> llested by addressing 4 specific ISSues:
o Calcium depletion and nitrogen deposition
o Forest fragmentation
o Modeling the effects of N- deposition on water guality.
o Linked Terrestrial-Aguatic Carboen budgets



Scale-appropriate monitoring linked
through common indicators

> Tier One — Intensive Research Areas

> Relatively small number ofi specific sites
representing Important processes

> Tier Two — Gradient-based surveys _

. Mapping of condition using sites Increasing
representative of a specific condition class tempor_al
and indicator coverages. resolution

> Tler Three — Extensive Inventories /\

and Surveys
- Statistical representation of the population  |ncreasing

> llier Four —Remote Sensing and spatial
Mapping resolution

> Wall-te-wall coverage




*Landscape monitoring nested within a
watershed frame of reference
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Intensive Plots
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Al (ES e Tier 1 — Intensive research areas: the Neversink,

Birdsey, Jenkins, Stolte (FS)

Delaware Gap, and French Creek Watersheds




Ca Depletion/N-Saturation Intensification Study:
Tier 1 at the Neversink River Watershed In the
Delaware River Basin

Neversink
Intensive Plots

Intensive Plots (# of Plots: 23)
L ]

o P4 - Carbon
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Pontius Plots {1 more plot to the South)
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Nested USGS
streamgages

*Collaborative
research
areas

*|ntensified
FHM grid
throughout
the watershed

*Soil and
forest
research plots
(birch and
sugar maple)

Manipulation
watershed




Foundation Programs
> USES Techn. Devel. Group and Research Lab
(Hyperspectral/Aerial Photo Interp.) Tier 4
> Pennsylvania State University(NTN Research) Tier 4
> USES Forest Inventory & Analysis Prog (FIA) Tier 3
> EPA-EMAP/USGS designed stream surveys Tier 3

> USGS/New York City Department Of Environmental
Protection QW Monitoring Tier 2

> USGS- NAWQA Tier 2

> USGS District COOP/Basic Data Programs
(Research and gaging) Tier 1 (also 2)

> Forest Service Research LLab- Durham, NH Tier 1
> USGS Hydreloegic Benchmark Netwerk Tier 1.



Delaware River Basin: Frost Valley, NY 2000

ler 1 Research Mineral Soil Ca
plot results: soll
and foliar calcium
decreased from
valley to ridge

B Y. Birch Foliar Calcium
l S. Maple

Ridgetop  Upper Mid Lower
ELEVATION

Minocha, USFS

Ridgetop Upper Mid
Slope



Delaware River Basin: Erost Valley, NY
20]00,

Foliar Putrescine B Y. Birch
l S. Maple
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Long-term Stream Monitoring: Decline in calcium
+ magnesium concentrations (in microequivalents
per liter) in streamwater of the Neversink River,

1952-2002 = USGS

science for a changing world




Research Site Results

> Low calciumi in soeils and foliage IS
correlated with indicators of tree stress
and dieback.

> Forest harvesting can release lange
amounts of Ca from even Ca-poor solls

> Long-term trends indicate a decline in
stream Ca concentrations since the 1970s

> Stream acidification Is correlated with: low:
Ca concentrations In forest solls



Regional gradient study of stream and

Tier - Regiona| foliar Calcium concentration
gradient studies

Is regional foliar or soll
chemistry correlated
with stream chemistry?
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Basic cations -acid anions
In stream water (neg/L)

Tier 2: Stream and soil sampling at watersheds
representing a gradient of stream and soll

condition.
Northeastern Watersheds Are regional foliar or

soil chemistry
correlated with stream
chemistry? Yes
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Tier 3:Scaling strategy

CEMRI intensive plot network FIA P2/P3 plot network

CEMRI Plots (#89, P4 P5 & P6) = nested
S within
& P4, Carbon (39)

@ P59

@ PS5, Carbon(12)

>

Regional, Carbon (193]




1999 Annual Total Nltrogen;-, .;z:: Tier 4: Nitro gen

Wet Deposition

P v ‘ Deposition to the
—_— Low : 4.14 kg/ha /\{l .-. a’;l Delaware River

A 9

\

Fixed stations used to
draw regional maps of N
deposition (topo. model).

Highest deposition in the
eastern Catskills and
western Poconos.

(Lynch, 2002, written
com.)

(Note Del valley green)



Calcium
0 to 10 cm Soil Layer _,

Ca (CmolesciKg, 162)

Tier 3: Soil Ca Map

*Soll calcium iIs
lowest In areas with
highest nitrogen
deposition

*Patterns emerging:
reflect bedrock,
glacial history, and
deposition patterns



Tier 3: Stream Calcium

Fall 2002 Spring 2002

Calcium {ueq)
[ e 45
[ ] 48-00
[ Jor-13
[ ]138-180
[ 181-2:5
[ ] ze-20
[ 2r1- =15
[ ] =s-30

Calcium concentrations in stream water from 1st-order streams
during two high-flow surveys, Delaware River Basin




Stream pH

Fall 2002 Spring 2002
pH

o =
[ sn-s
[ Jem-e3
[ e3t-64s
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[ ]em-66s
[ ees-67s
[ em-sss

[ |ess-go0s
Physiographic Provinces

Tier 2 stream survey: Stream acidification is greatest in the
same sub-region where low soil calcium has been mapped.




PnET Model: Linking the forest to
the stream

e Process-based, mechanistic model.
ePredicts variables in the terrestrial

ecosystems by modeling the basic processes
controlling them.

Yude Pan, USFS



Forest Measurements Made:

Diagram of PNnET Model

1. Gross photosynthesis
2. Foliar respiration
Water 3. Transfer to moplle C
4. Growth and maintain resp.

ZT 1l, T17 11 5. Allocation to buds
: 12 6. Allocation to fine roots
4 3 Foliar 7
_~~ Canopy &:‘% :

. Allocation to wood
A Wood 7/ Plant

Carbon/Nitrogen

. Foliar production
9. Wood production

CIN < CIN \5‘ 8 16 Snhow 10. Soil production
9 11. Precipitation
l Gl Bud ‘/14 12. Interception
C/N 13. Snow-rain partition
Wood : 24 14. Snowmelt
Fine 15. Fast flow
19 Root v 16. Water uptake
10 Dead Soil 17. Transpiration
18. Drainage
Wood 20 mgg ,/257Water 19 19. Wood litter
20 Root litter
22 23 21 21. Foliar litter
v 18 22. Wood decay
/ 23. Mineralization
Soll N 24. N uptake

25. To soil solution



Data integration through GIS modeling

PnET Input Layers (1km)

Temperature Nitrogen
Monthy Min. Precipitation Water Holding Deposition:
& Max Avg. Monthly Avg. Elevation Capacity NO3 & NH4

Mean Annual Temp (C) f| | Annual Precipitation I Height (m) P _ Total N. Dep. (kg/ha) |

High: 21.7 ¢ P Hion : 163.2 O Hign - 1624 e oL igh : 24.2 | P High: 10.1

Pan and others, in process
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JPL

Tier 4: AVIRIS
Irborne isible nfra ed
maging pectrometer

AVIRIS CONCEPT

SURFACE AND ATMOSPHERE

LIAVELENGTH tom2

LIAVELENGTH
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The resulting 224 band layer image is known
as an “image cube”. When the data from
each band is plotted on a graph, it yields a
spectrum.




Predicted Foliar Ca for the WMNF

AVIRIS Predicted Canopy Ca (ppm)
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Integrated Regional Assessment of Disturbance Effects on
Vegetation, Soil, and Water in Forested Landscapes

FIA, FHM,
NPS, Research,
Remote sensing

FIA/FHM- USGS
Soll surveys,
Research

Climate Research,
NADP

NAWQA, WRD
District QW Survey,
Research




Based on a
9 X 9 neighborhood.

Forest Fragmentation

| cast Fragmented

Most Fragmented

Adapted from Kurt Ritters USDA

Forest Fragmentation
of the Delaware River
Basin

Tiered structure used with each
Issue.

Based on NLCD data

a2 USGS




Complementary goals...

% USGS eUnderstand effects of urbanization on streams

--ideally with relevance to land management and planning...

* Determine how best to monitor forest fragmentation
over the broad areas inventoried, yet with sufficient detail
to reflect the processes at work

--ideally with specific relevance to these issues of interest,
water quality being one...




Tier Structure for Assessing Fragmentation Effects

Foundation Programs:

AR *USES- Forest Inventory &
o Tt AR Analysis (FIA) NLCD and
U e Aerial Photo Interp. Tier 4

Y ‘USEPA: EMAP-design

| stream survey Tier 3
fl -USFS FIA plot network Tier 3
USGS NAWQOA Tier 2
USGS/NPS Boundary Study
(Delaware Gap NRA) Tier 2
*USGS District COOP
Research/Basic Data Tier 1
USGS National Mapping
Division and NAWOA (Erench
Creek) Tier 1

USES Research Tier 1

Most Fragmented

Based on NLCD data



Gaps in Data Availability

> Accuracy of NLCD land-use data uncertain.

> Lac
gua

> Lac

Ked a probability-based stream water-
Ity survey.

Ked temporally-intensive stream data in

watersheds of low-, medium, and high
human land use (stermfiow data).

> |Lacked terrestrial data for non-forest plots.

a2 USGS




Tier 3 — Random sampling of condition within
the Neversink, Delaware Gap, and French
Creek Intensive Areas

Delaware #3775 i
River

Basin

Random forest
plots (FHM) and
stream survey
points (EMAP
Murdoch (GS) and design)

Birdsey, Jenkins, Stolte (FS)

Delaware Water Gap
Intensive Site



Forest Fragmentation Tier 1:

The “Three Watershed Study” in the Delaware Water Gap

DEy | L | t S ‘ Delaware Water Gap
s ' < ' ' ; National Recreation Area
Scale 1:120.000 m

A. Little Bushkill
B. Dingman's Falls
C. Adams Creek

| Photo Interpreted
| {1 acre mmu)
Residential

| Commercial/industrial
Recreation

*’ Agriculture

! Rangeland

Faorest

\Water

Barren

Mot Sure

@ Intensive Watershed Plots

@ 2P
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Percentage of sites (x0.1) below concentration

Tiers 1and 3. Representative-ness of
Intensive Monitoring Areas

(dots are intensive sites; yellow are
high-flow boron concentrations)



Tier 2: Fragmentation
Study Watersheds in the
Delaware River Basin —
Base Map iIs NLCD’92
from TM Data

- Fragmentation estimates from
low-altitude CIR aerial
photography

 Water quality data from USGS
NAWOQA synoptic samples

32 watersheds comprise a
factorial experiment: urbanization
(5 levels) x EPT richness (3 levels)

Riemann (FS) and Murray (GS)



Tier 2: Gradient Study.
Site selection for urban intensity gradient
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L_Landscape gualities associated with
change In stream condition Indicators

[Direction of change

Type o vanahble - +

Residential lanal % X
Grass cover ofi urbaniland X
Impervious cover ofi urban land (buffer) X
[Ferest patch lacunanity X
[Ferest pencentage (buifer) X
[Forest aggregation X
[Ferest connectivity. X

Riemann and Riva-Murray, in process



Magnitude & Implications of data
SOurce Inaccuracles

Example --- % Urban land

%total urban

® %total urban

NLCD

EPT richness

EPT richness

0 10 20 30 40 50 60 70 80 90 100
2% Urban

Riemann and Riva-Murray, in process



Correction helps some variables —

Land use composition in basin

Uncorrected Corrected

[o]
o

A Yforest
A AN @ %total urban
AA. # o® }. A %residential
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0 20 40 60 80 100

Photo-interpreted %

Riemann and Riva-Murray, in process




End Result;

A comparatively simple and inexpensive
collaboration between the USFS and
the USGS resulted in greatly enhanced
Interpretive power of monitoring data
from both agencies, AND created a
systematic method for scaling up from
Intensive research areas to “integrator”
scales.

Conclusion:

Linking of terrestrialland aguatic
MONIteKING programs; can e done: §rae

a USGS

science for a changing world
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CEMRI: A Cost-Effective Strategy for Integration
of Terrestrial and Aguatic Data

Climate

change and
Permafrost
Thawing
Land Use/Land 11
Cover Change @

Carbon and
Nitrogen to the
Coastal Ocean

a2 USGS







Where will the permafrost GLACIERS
CO,
e CO. carbon go?

11

VEGETATION

MELTWATER
STREAMS

ol TRIBUTARY :\

% STREAMS

YUKON RIVER

CaCO, + CO, + H,0 — Ca? +2HCO;



Network of “Benchmark” Climate Research
and Monitoring Watersheds?

"

W Active Sitas
= #) Active Cluster Sites
] Inactiva Sitas




NWOMC suggested Obijectives:
Monitering Framework

» Define status and trends

» Assess resource
management objectives

Ouep s > Early detection,
objectives [N | assessment, and

| * response

Understand, Colle

o wators S > Support and define

coastal oceanographic
and hydrologic research

»High-quality data for
Interpretive reports and
educational materials
http://water.usgs.gov/wicp/acwi/monitoring/ Paraphrased Vowinkle




EXPLANATION
® Active water-quality stations
® Active surface-water stations

Long-term water quality and stream discharge monitoring sites




Dingman's Falls Watershed T i e r 4 FO reSt

Delaware Water Gap National Recreation Area
Scale 1:200,000 m

Fragmentation:

[_and cover of Dingman’s
Falls watershed derived
from various remote
Sensors.

Moderate Resolution
Imaging Spectro-
radiometer (MODIS)

*High-Resolution aerial
Photo Interpreted phOtO (2000)

(1 acre mmu)
*NLCD92 and 2000 for
upper Delaware region

Riemann (FS) and Murray
(E)




Why the Yukon ?

A. The Yukon permafrost is thawing rapidly now.
«Soil Warming by 2° 5° C over past 50 years
o To Temperatures near 0° for Boreal Forest Permafrost

Mean annual temperature °C
+2 5

Soil depth (meter)
0.12 m
0.52m
1.01m

Romanovsky, 1999

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995



a USGS

science for a changing world

Rates and Effects of Climate Warmlng
and Permafrost Thawing in the Yukon
River Basin: An Arctic Benchmark

A proposal for collaborative research
and monitoring

g% The National Park Service

2D
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Peak Nitrate Concentration in Episodic Runoff

In August following the logging

Cleg :
/ —

I
|
:
August ‘06

Micro-equivalents per Liter

Percent Basal Area Removal
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