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Importance of Drought Assessment for NYC Water Supply

NYC Water Supply System: Serves ~9 Million People

Drought vulnerability: Despite ~30% demand
reduction since the 1900s, the system remains
exposed to drought, and climate change may

heighten this risk

» Periodic droughts: The system faces drought at

intervals over the decades, setting up the historical
patterns
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NYC WATERSHED DROUGHT

TIMELINE

@
1883-1885

Severe local drought;
Croton system
struggled. Led to New
Croton Aqueduct
construction (1885).
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1891-1895 1910-1911 1923-1924 1930s 1949-1950

Multi-year dryness;
pushed planning for
Catskill water supply.

Extreme drought;
reservoirs fell to
~26% capacity,
prompting
completion of

. Ashokan Reservoir.
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Sharp drought; 36
rainless days in autumn
1924. Spurred
Schoharie Reservoir
completion (1927).

Dry spells during Dust
Bowl; Catskill reservoirs
buffered NYC supply.

Major drought; cloud-
seeding attempted;
accelerated Delaware
system planning.
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1955-1957 1962-1966 1980-1982 1985 X 1988-1989
Moderate drought; Worst on record; Severe drought; Rapid drought; Stage | Short drought; Stage Il
storage expansions multi-year deficits; storage ~30%, Il emergency, heavy ! emergency; ended with
continued mandatory restrictions; Croton heavy spring rains.
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normal, strict
rationing.
Cannonsville
Reservoir completion

I
:
1
1
1
1
1
1
! storage ~50% of
|
1
1
1
1
1
| aided recayery

restrictions; led to
water metering &
conservation push.
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Short, intense summer

Worst since 1960s;

Severe upstate drought;

Short dry spells;

Record-dry October;

®
1991

Minor drought; storage
~45%, warning issued;
quick recovery.

Historically every

13 / 14 AN // \ 16 /N 17 / 18
o @) l—===s==r o ——— @ ——" @ — @)
1
1995 2001-2002 2016 2020 & 2022 Late 2024 Next drought?
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1

drought; voluntary
conservation

storage ~41%; Stage |

emergency; demand
management and
metering proved
critical.

N ————— -

NYC reservoirs dipped
but no emergency
declared

statewide drought
watches, minimal NYC
impact.

storage ~60%, drought
warning issued,
recovery in December.

10-20 years;
climate change may
shorten gaps -
planning and
modeling are key!

Essential
Drought
Assessment
Framework
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« Core Components of drought assessment:

Monitoring, indexing, modeling, prediction, risk evaluation, and impact assessment.

D frou g ht * Recent studies emphasize that long-term, high-resolution, and complete datasets

Assessment

. * Incomplete or low-quality historical data can significantly reduce the reliability of
Framework:

are essential for accurate drought assessment and prediction.

drought indices and forecast models.

« Gap filling and data reconstruction are foundational steps before any advanced

m modeling.
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Data Sources

1. PRISM (Parameter-elevation Regressions on
Independent Slopes Model) Gridded Product
used to estimate basin-scale values back to
1981

* 4 km resolution, daily Tmin, Tmax, PRCP.

6 WOH reservoirs Coverage: 1981-2024.

« Gap free but Limited daily coverage (historical
period)

2. Observational Climate Data from Weather
Stations Used to estimate basin-scale values
prior to 1981

« NOAA/NCEI Global Historical Climatology
Network (GHCN-Daily)

« 12 temperature and 19 precipitation stations in and
around NYC watershed.

» Records from 1890-2025, with gaps
« Variables: daily Tmin, Tmax, and PRCP.
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DELHI
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Step 2: Basin-Scale Reconstruction




Recent Methodological Developments

in Drought Analysis:

Methodological Framework

Data Gap filling
and
Reconstruc

Literature review

Step 1:
Gap filling of Stations Data

12-Station Daily

Temperature Data

19-Station Daily
Precipitation Data

Gap-filled stations data ]

Step 2:

Y

Basin average daily Data - Coverage
Since 1981
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! RE ! Long term, reonctructed daily historical
1 data set (1893-2025)
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Step 3:
Drought Assessmement Basin-Scale Reconstruction

\

Drought Characterization &
Indexing

<l

\J

Drought prediction ]
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Step 4:
Water Supply Management

o

Adaptive Management & Early Warning

—

Planning

Decision Support & Infrastructure ]




Gap-Filled and Reconstructed time series at DELHI Station

Step 1- Sample Results:
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Parameter Model MAE RMSE R?

Minimum  Unified

Temperature LSTM 0.093°C 0.129°C  0.999
Maximum  Unified

Temperature LSTM 0.092°C 0.147°C  0.999

Two-tier

Precipitation LSTM  0.012cm 0.0398cm 0.997



Step 2 - Sample Results:

Reconstructed Time Series of PRISM-based Basin-scale data for Ashokan basin

Maximum Temperature (°C)

Minimum Temperature(°C)

Reconstructed
—— Observed
Parameter Model MAE RMSE R?
Precipitation RF 0.090cm 0.233cm 0.936
Minimum Te
mperature RF 0.234°C 0.331°C 0.999
Reconstructed Maximum Te
—| Observed mperature RF 0.199 °C 0.291°C 0.999
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Bias, Uncertainty, and Model validation: How reliable are the
results of gap-filling and reconstruction?

—

Step 1: Early-Period
Gap-Filling Reliability: Hindcasting and Independent validation confirmed

-Hindcasting the accuracy and reliability of the Al-based framework for
historical data gap-filling and reconstruction, supporting

Step 2: PRISM its application in drought indexing and forecasting.

Reconstruction Accuracy:

- Validated against
independent NOAA
datasets:

- NClimGrid (gridded

product: 1951-2024)




Conclusion & Key Takeaways

Potential Drought Risk: Climate change — Drought assessment framework
Data Matter: Long-term, gap free, high-resolution records are essential.

Al-based Models: Frontier in climate data gap-filling and reconstruction.

Best Methods: LSTM for gap-filling; Random Forest for PRISM reconstruction.

Validation: Confirmed through hindcasting & NOAA dataset comparison.

Future work: Advancing drought modeling and water supply management.
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 Drought warning issued for 12 Upstate NY counties as dry spell lingers - syracuse.com
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Supplementary

Comparison of optimal model's performance for gap filling with other models in the form of RMSE evaluated at

Slide-Phoenicia (Training set)

Variable LSTM LR RF GB
T hax 0.089 °C 1.729 °C 0.628 °C 1.677 °C
T in 0.160 °C 2.157 °C 0.761 °C 2.062 °C
Precip_Wet 0.0821 cm 0.899 cm 0.340 cm 0.758 cm
Precip_Dry 0.013 cm 0.196 cm 0.069 cm 0.162 cm
Comparison of optimal model's performance with other models in the form of
RMSE evaluated with basin-scale average estimation for Schoharie basin
Variable LSTM LR RF GB
T hax 0.846 °C 0.954 °C 0.342 °C 0.967 °C
T min 1.074 °C 1.283 °C 0.441 °C 1.297 °C
Precip_Wet 0.327 cm 0.340 cm 0.134 cm 0.308 cm
Precip_Dry 0.037 cm 0.062 cm 0.019 cm 0.054 cm

11/19/2025
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Missing-Value Characterization of Station Observations (Tmin, Tmax, and Precipitation)

Coverage period years

Missing pct coverage period (%)

Longest gap coverage (d)

Stations Thax Tin Precip Trax Trin Precip Thax Tm,, Precip
ALBANY 1938-2025 1938-2025 1938-2025 0.01 0.01 0.01 1 1 1
ALCOVE 1942-2025 1942-2025 1942-2025 6.41 7.76 4.78 153 153 153
ARKVILLE N/A N/A 1948-2016 N/A N/A 7.62 N/A N/A 1371
BINGHAMTON | 1893-2025 1893-2025 1951-2025 22.08 22.1 0.01 10107 10107 2
COBLESKILL N/A N/A 1946-2021 N/A N/A 4.44 N/A N/A 397
COOPERSTOW | 1893-2025 1893-2025 1893-2025 3.66 3.98 4.71 155 155 152

N

DELHI 1924-2025 1924-2025 1924-2025 15.32 15.89 9.95 3165 3165 3165
DEPOSIT 1962-2012 1962-2012 1962-2012 4.83 4.42 0.68 31 31 31
LIBERTY 1898-2024 1898-2024 1898-2024 27.65 27.97 28.28 9923 9923 10165
MIDDLETOWN | 1900-2011 N/A 1900-2011 41.02 N/A 40.6 15766 N/A 15766
MIDDLETOWN | N/A 1900-2022 N/A N/A 38.3 N/A N/A 15766 N/A

- ROCK

MOHONK 1896-2021 1896-2021 1896-2021 2.28 1.69 2.86 504 62 123
PORT 1893-2025 1893-2025 1893-2025 2.15 2.15 5.68 451 456 451
ROCK N/A N/A 1956-2022 N/A N/A 2.5 N/A N/A 136
ROSENDALE N/A N/A 1956-2025 N/A N/A 17.1 N/A N/A 762
SHOKAN N/A N/A 1948-2008 N/A N/A 3.76 N/A N/A 242
SLIDE- 1961-2016 1961-2016 1948-2024 2.72 2.21 1.39 127 62 61
PHONECIA

UNADILLA- N/A N/A 1907-2014 N/A N/A 4.82 N/A N/A 242
BAINBRIDGE

WALTON N/A N/A 1900-2025 N/A N/A 31.86 N/A N/A 7823
WEST 1890-2024 1890-2024 11.63 10.62 15.36 2069 2071 2071

11/19/20

Z35890-2024

17



Minimum Temperature

WEST 4

SLIDE-PHONECIA A

PORT o

MOHONEK

MIDDLETOWMN-ROCK -

userTy { D A R T
DEPOSIT

DELHI L = 5  J
COOPERSTOWN <

BINGHAMTON 1 4 N I T T
ALCOVE =

ALBANY A T R T

1900 1920 1940 1960 1980 2000 2020

Year

11/19/2025

Maximum Temperature

WEST 4

SLIDE-PHOMNECIA

PORT
MOHONK
MIDDLETOMNMN o
ueerty { D A T R
DEPOSIT 4
DELHI AR -
COOPERSTOWN <
BINGHAMTON 1 4 N R T T T
ALCOVE =
ALBANY A T T
1900 1920 1940 1960 1980 2000 2020
Year

WEST

WALTOMN <
UNADILLA-BAINBRIDGE +
SLIDE-PHONECIA 4
SHOKAN 4
ROSENDALE -
ROCE

PORT +

MOHONE
MIDDLETOWRN -
UBERTY
DEPOSIT 4

DELHI 4
COOPERSTOWN o
COBLESEILL ~
BINGHAMTORN -
AREVILLE
ALCOVE
ALBANY

Precipitation

1960 1980 2000 2020

Year

1900 1920 1940




Precip (cm)

—— Predicted --- Observed ~+— Predicted

84 — Observed

E 61

-

[="

.8 i

&
24
o i
‘ 1898 1899 1900
71 = Hindcast (artificial gapsr)
64 == Observed

1900 1920 1940 1960 1980 2000 2020 1898.01 1898-02 1898-03

11/19/2025 19



Tmax (*C)

—— Observed (NDAA) —— Reconstruction - - Observed (PRISM)
95% interval —— Reconstruction - - Observed (PRISM) 30
30 20
o
* 10
L]
E
0
2°<
~10 4
| P 5 - E - A o
10 & a2 é&* é&ﬁ K épp %
~1 & & ~ » + & P &
304 — Observed (NOAA) —— Reconstruction - - Observed (PRISM)
0‘
o
<
)
-10 - £
—
-20- | —
. . 8 & »
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 1'65\ @" 9”

11/19/2025 20




MAE — Jul

MAE — Jan

& Wetdays
m  Dry days

RMSE — Jul

& Watdays
m Oy days

M LS

F MOV

21

F AD0WENIYE-TTIOYMNN

F YIDJANOHL-2A1TS

r NYIOHS

r ATVANIS0Y

A0

F LHOd

F ANOHON

F HAOLITOaM

- ALHIEN

- LIS0d30

S E |

F NAROLSHIH000

P TIAS3800

 HOLWYHONIE

M AT

F AA0OTY

M ANYETY

0.10 -

0u0E -

0.06 -
0.04

002 -

0G0 -

0.3 -

0.2
0.1 -
0.0

8 Wetdays

B Drydays

RMSE — Jan

& 'Wetdays
B Orydays

LS 3

F NOLTE

¢ ADAHANFE-YTINAYNA

F VIJINOHd-I0IS

- NYAOQHS

- ATVANIS0H

A0

r LHOd

F ANOHOW

F NAMOLITOam

r ALHIEN

F LIS0d30

F IH130

F NAQLSHIAO0D

- TWASITE00

F NOLWYHONIE

F 3TN

rAADITY

11/19/2025

T ANYETY

0,10

0.08 -

0.3 1

(W) I5Wd



Models

Input Layer LSTM Layer-1 LSTM Layer-2 LSTM Layer-3 1 i
o } P
1 1
= :
! 1
! | N -
1 H .
: :
i : \ Output Layer
! i TR A :
i . i H i DECISION TREE-1 DECISION TREE-1 DECISION TREE-1
| Metrological | ' i
i Datawith | \ R, H
1 o 1 v v v
| previous PN | ! '
E Data ! i 3 RESULT-1 RESULT-2 RESULT-N
| | b ;
] 1 . . .
: H v
! ; : : ;
E i - " ———ed | MAJORITY VOTING / AVERAGING | S
| i \
H 1
E i ¢ v
! ’
| |
= i

11/19/2025 22



	Slide 1: Historical Climate Reconstruction for Drought Risk Modeling in NYC’s Water Supply   
	Slide 2: Outline
	Slide 3: Importance of Drought Assessment for NYC Water Supply
	Slide 4
	Slide 5: Drought Assessment Framework:
	Slide 6: Data Sources
	Slide 7
	Slide 8: Recent Methodological Developments in Drought Analysis:
	Slide 9
	Slide 10
	Slide 11
	Slide 12: Conclusion & Key Takeaways
	Slide 13
	Slide 14: Acknowledgements:
	Slide 15: More information
	Slide 16: Supplementary
	Slide 17: Missing-Value Characterization of Station Observations (Tmin, Tmax, and Precipitation) 
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22: Models

