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What Are the Hydrologic Base Period and
Critical Period?

* Hydrologic Base period: A 10-year window of historical
streamflow used to represent "typical” hydrology for the Bay
watershed - the reference conditions against which nutrient and
sediment loads are modeled (limited to 1985-2022)

» Critical period: A 3-year window within the base period
representing unusually high flow conditions - when nutrient and
sediment delivery to the Bay is greatest and load reduction
targets are most demanding (non-extreme)



Study area - RIM and tributary flow gages
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* Interior tributary stations
characterize watershed hydrology

* RIM stations weighted 95% in
composite score - consistent with
their dominance of Bay inflow
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* RIM weights applied using Phase 6
N adjusted ratios
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RIM station
periods of
record
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Rappahannock at Fredericksburg

Potomac at Little Falls

James at Cartersville

Mi River at Massaponax

Mattaponi at Bowling Green

Choptank at Greensbaro

Susqguehanna at Conowingo

Appomattox at Matoaca

Patuxent at Bowie
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Appomattox (Matoaca) Choptank (Greensboro) James (Richmond)

Annual
streamflow
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A closer look: Annual flows

Rappahannock at Fredericksburg (01668000)

Water years 1906-2025 | Dashed line = long-term mean | Black line = 10-yr rolling mean

Candidate windows will
likely be limited to
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Scoring Candidate Windows: A Two-
Stage Process

Base Period Scoring Critical Period Scoring

« MAPD - mean absolute percent difference » Compute composite Oct-June flow across RIM
stations for each water year within the base period

 Statistics include mean flow, flow variability

#CV), high flows (Q95), and optionally low » Calculate 3-year running averages; test for and

lows (Q05) optionally remove trend

» Kolmogorov-Smirnov (K-S) test evaluates » Fit a frequency distribution (Weibull) to identify the
whether the full flow distribution matches the 10-year recurrence interval flow - the threshold for

reference period "anomalously high" conditions

. MAPbD agd }?S scores a_rte normalilgﬁl\c;I and « 3-year windows exceeding this threshold are critical
combined into a composite score; - .
stations weighted by Phase 6 load period candidates
effectiveness
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A Reproducible,
Parameter-Driven
Framework for Period

Selection
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RIM weighting-
flow or N-effective?
MAPD and K-S test

N

Include low flows? Include variability?
MAPD MAPD

+

Composite Score:
Base Period candidates

RIM/smaller trib split:
95-5 or 90-10?

base period constrains
candidate search

Record extension
with and without
https://code.usgs.gov/water/ARCHI

+

Ref period start year
when is “typical” typical?
60s drought, 70s pluvial
long-term versus modern

4

v

Station subset
All RIM
or

l

Monthly flow range

on DO exceedances

Preliminary Information-Subject to Revision. Not for Citation or Distribution

Susq and Potomac only

Optimized through regression /

Detrending method

Trend test +
Linear or Lowess

+

10 yearRI:

Critical Period Candidates

Return period method
Empirical or parametric (LP3)



Decision space- hydrologic base period

Parameter Options

Reference start year 1900, 1968, 1970, 1975, 1985

MAPD metrics Mean, CV, Q05, Q95 (on/off)

MAPD metric weights Equal or differential (1.0 default)

Station weighting N/P Load effectiveness vs. raw flow
RIM/tributary split 95/5 or 90/10
Record extension Standard or ARCHI-extended
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Decision space - critical period

Parameter Options

Composite flow months Oct—Jun (default; pending DO data)

Station subset All 9 RIM vs. Susquehanna +
Potomac

Detrending None, linear, LOWESS

Return period method Weibull (LP3 pending)

Target return period 10 years (£2 tolerance)

Window type Overlapping vs. non-overlapping
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Chesapeake Bay Composite RIM Flow — 3-Year Return Period Timeline

3-yr Rolling Return Period | Reference: 1960—present | 64 windows in Weibull fit

100 ER-:-r: 1960 === Zyrrolling RP
5 10-yr target (=2 yr)

How does the

Return Period (years)

Crltlcal return 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

perIOd eVOIVe Center Year of 3-Year Window

with a varied
reference start

3-yr Rolling Return Period | Reference: 1975—present | 50 windows in Weibull fit

100 ;Ref: 1975 —— 3yrrolling RP
5 10-yr target (+2 yr)

year?

Return Period (years)

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

Center Year of 3-Year Window
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Chesapeake Bay — MAPD Score by Candidate Hydrologic Base Period

MAPD by Candidate Window | Reference: 1960—present
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What Does
"Typical”
Mean?
Example
Solutions
with
reference
year 1975
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Best Hydrologic Base Period & Critical Period Solution by Era

All scenarios: REF=1575, mean flow only, LOWESS detrend, load_eff weights

Best early candidate — Hydrologic base period: 1992-2001 | Critical: 1996-1998 | RP =10.0 yr

| Ref stari: 1975 j
I Rank 3 | MAPD 4.1%
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Best overall (moderate) — Hydrolegic base period: 1998-2007 | Critical: 2004-2006 | RP=8.3 yr

| mef stz 1973 Hydrologic
1 19982007 Rank 1 | MAPD 2.7%

Best modern candidate — Hydrologic base period: 2005-2014 | Critical: 2010-2012 | RP=T7.1 yr
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Summary

What the analysis does

» Scores all 10-year candidate windows on flow representativeness (MAPD) and
distribution shape (K-S test) across 9 weighted RIM plus upstream stations

* |[dentifies 3-year critical periods using a Weibull return period fit, targeting +2
years of the 10-year recurrence interval

What we found

« Reference period start year is the dominant sensitivity lever - it shifts both the
MAPD benchmark and the 10-year RP threshold simultaneously

* Recent windows score poorly on both metrics - but because they are
anomalously wet, not dry, relative to the reference period

What remains open

 Full sensitivity analysis across all parameters: September deliverable

« DO exceedance correlation to optimize monthly flow window (data pending)
* Whether post-2010 hydrology reflects a new regime or a transient wet cycle

A\
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Discussion

. Representativeness vs. recency - which takes priority?

Low flows and variability - noise or signal for nutrient loading?
Post-2010 anomalously wet - new normal or transient?
10-yr RP as critical period threshold - still appropriate?

RIM/trib weighting and N-P effectiveness - needs revisiting?
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