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Outline of talk

1. Drought and Hydrologic Science.
2. USGS-VTDEC monitoring network.
3. Building resiliency.
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[ What is Drought?

A drought is a period of drier-than-normal conditions
that results in water-related problems.

 Meteorological drought
-lack of precipitation

e Agricultural drought
-lack of soil moisture

 Hydrologic drought
-reduced streamflow or

groundwater levels

VARIOUS INDICATORS OF DROUGHT
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Importance of Hydrologic Science

Hydrologic Science helps cope with drought in two ways.

Drought planning

* Natural phenomena that will | e~ e
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e Current status and recent trend



Hydrologic Drought in Vermont

Otter Creek at Middlebury, VT

Annual departure from average
dischange, incfs
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1930-36: Severe drought throughout VT. Moderate in northern VT.
1939-43: Moderate drought throughout VT.

1947-51: Severe drought through northern VT.

1960-69: Severe drought throughout VT.

1979-80: Moderate drought throughout VT.

U.S. Geological Survey Water Supply Paper 2375, 591 p., National Water Summary 1988-89, Hydrologic Events
and Floods and Droughts.

2030



USGS-VTDEC GW Monitoring Network

Development of real time groundwater information

shows great potential.

e 13 Observation Wells
-10 periodic (monthly)
- 3 real-time (hourly)
* Long-term record
-1960’s to present
e Glacial Aquifer
- constructed in overburden

VT-RJW 1 Rochester

VT-HLW 54 Hartland

Glacial
aquifer

Lot
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Groundwater Monitoring Network

USGS Home
Contact USGS

science for a changing worl I ¢ 0 | Search USGS

Groundwater Watch Latest News...

In cooperation with...
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Vermont Active Water Level Network

— __

: ( A
Plattsburgh J
a/ 0]
&
“.__Montpelier 5
A \
Vermont
A
dirandack 4 A |
Park 1 1 5
o7
o :
Rufland N
o
93}
fa
Safatoga . 2 m “-Qonn
S rings GrEen I:-bunl:ln
.p Mational Forest
=2 ' 7 Keene
(Brattleboro
faY
X ~ y B s A e L TN
Explanation - Percentile classes isymbal calar based an mast racant messurement)| Wells Springs
° ® ° ° ® ©  RealTme @
O  Corti
L <10 | 10-24 | 2575 | 7600 | >90 | | gy | P d :
ow I 'eriadic
| o | ema | oo W T | Ranked |7 esiunmens

y)

2 USGS

Counties Well Count Real-Time Continuous Periodic

Addison County 1 - - 1

Bennington County 1 = = 1

Chittenden County 1 - - 1

Essex County 1 - - 1

Franklin County 1 - - 1

Lamoille County 1 = = 1

Orange County 1 - - 1

Orleans County 1 1 = =

Rutland County 1 1 - -

Washington County 1 = = 1

Windsor County 3 1 - 2

Mumber of active VT wells: 13 3 10

Site Mame m“em‘:e“:t Date D‘:::L Local Aquifer

WT-POW 1 12_TSBLS  4/28/2017 17.8B Stratified Deposits, Undifferentisted
WT-CKW 1 2_TOBLS  4/25/2017 ZZ.0  Stratified Deposits, Undifferentisted
WT-HLW 54 B.E0BLS  5/24/2017 SL.0  Stratified Deposits, Undiffarentisted
WT-FFW B 5. 4B BLS  5/34/2047 4Z.0  Stratified Deposits, Undiffarentiated
WT-RIW 1 9.5BBLS  4/28/2017 72.0  Stratified Deposits, Undifferentisted
WT-WOW 1 1.82Z BL5  4/28/2017 5¢.0 Stratified Deposits, Undifferentiat=d

WT-MGW 11
WT-WAW 2
WT-MPW L
WT-MIW 2
WT-GLW 1
WT-BIW 1
WT-BKW 1.1

7.83 BLS 4382017

5.75 BLS 4/28/2017 245 5 Stratified Deposits, Undiffer=ntisted
17.21Bl5 4728/2017 50.0 Stratified Deposits, Undifferentiated
25.594 BLS 47282017 20.0 Stratified Deposits, Undifferentisted
14.39BLS 5242017 EZ.D Stratified Deposils, UndifTerentiated

1.52 Bl  4/27/2017 35.0 Stratified Deposits, Undi Timtmd
14 _55 BlS 47282017 af Tuitwash

https://groundwaterwatch.usgs.gov/USGSGWNetworks.asp



Groundwater Monitoring Network
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Dapth to water level, faet below land surface
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Hydrologic Drought

Depth to water level, feet below land surface

Depth to water level, feet balow land surface

44385207 2114001 -VT-GLW 1

UsiGs
12

13
14

WA o

7

18

19

Jun Jul Aug Sep Oct Mow Dec Jam Feb Mar Apr May

2016 -2017
Plot created 05/24/17 17:57

43324007 2242901 -VT-HLW 54

6
7
8
9
10
11

Jun Jul Aug Sep Ot Mov Dec Jam Feb Mar Apr May

2016 -2017
Pbt c reated 05/25/17 17:28
Explanation - Percertile Classes

+ L L .

Data Point <l 10.M %00 =90 Ionthly edian

U.S. Drought Monitor
Vermont

U.S. Drought Monitor
Vermont

October 25, 2016
(Released Thursday, Oct. 27, 2016)
Valid 8 am. EDT

Drougnt Conditions (Percent Area)

tone | D0-D4 | D1-D4 | D2-04 [EEEeE I =TS

Cument [ 0.00 [100.00| 2001 2915 | 000 | 0.00

Last Week

aen | 000 1000|8001 | 2015 | 000 | 000

IMnh<AG0 | 1540 [g400 1477 | 0o | 000 | 000

Start of
Calendar Year | 3163 | 6837 | 0.00 | 000 | 0.00 [ 0.00
12282015

192 | 8808 |4299 | 000 | 000 | 000

Intensity
ossromayoy [
01uoderaie Drovsnt [N

D2Sevem Drought

streme Drought

4 Exoepiional Drought

= oadt-scale conditions
s may vary. See accompanying text Summary

o forec ast statements.
Author:
David Simeral

Western Regional Climate Center

USDA
-

http://droughtmonitor.uni.edu/

May 23, 2017
(Releasod Thursday, May. 25, 2017)
Valid 8 a.m. EDT

Drought Conditions (Percent Area)

None | D0-04|D1-D4

Current  [100.00| 0:00 [ 0.00 | 000 | 000 | 0.00

Last Week

o |10000/ 000 000 | 000 | 000 | 000

3oneso (759 | 270 (52 | 2% | a0 | 000

Start of
Calendar Year [ 371 | 9520 6492 | 258 | 000 | 000
01032047

Start of
waterYear | 1192 | 8308 (4309 | 00 | 000 | om0
0s-27-20%6

one Vearhgo | 1567 | 2733 [ 000 | aoo | 000 | 0o
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Author:
Brad Rippey
U S. Department of Agriculture

USDA
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Building Resiliency

Hydrologic monitoring is foundation for
making informed decisions

Real-time monitoring network
Current conditions in context to historical values
Hydrologic research
Science to support the understanding of
groundwater resources
Hydrologic response models
Evaluating the response of climate and land use
on hydrology



Historical Groundwater Trends in Northern New England and Relations with
Streamflow and Climatic Variables
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JAWRA Journal of the American Water Resources Association,
Volume 49, Issue 5, pages 1198-1212, 21 JUN 2013 DOI: 10.1111/jawr.12080
http://onlinelibrary.wiley.com/doi/10.1111/jawr.12080/full#jawr12080-fig-0006




“Hydrologic response” models

Probability models — Likelihood of drought “90 days from now”
» Logistic regression models that predict future conditions at wells (based on
current and past conditions ).

HyDroDSS — Hydrologic drought decision support system
 Analysis of hydrologic variables that may indicate the risk for streamflows to be
below user-defined flow targets at a designated site of interest.

SYE — Sustainable-yield estimator
* SYE estimates streamflow adjusted for current water user from a database of
permitted groundwater and surface-water withdrawal and discharge volumes.

SWB — Soil-water balance model

« SWB estimates potential recharge at a daily time step using precipitation, air
temperature, land-use, hydrologic soil group, flow direction , soil-water capacity.

PRMS — Precipitation runoff modeling system

 PRMS is a physical process based modeling system that evaluates the response of
climate and land use on streamflow and general watershed hydrology.

Coupled groundwater models(GSFLOW) — MODFLOW & PRMS



Statistical groundwater level prediction

3-month forecast model

USGS well number 344314083433201

Blue line: monthly GW level ¥ - -
(red points are below 0 - &
threshold level) g - Lo
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three months later 2007

Dudley, R.W., Hodgkins, G.A., and Dickinson, J.E., 2017,
Forecasting the probability of future groundwater levels
declining below specified low thresholds in the conterminous
U.S.: Journal of the American Water Resources Association
2017-06-07 (JAWRA), <in review> 13

Probability



HyDroDSS:
Hydrologic Drought Decision Support System

Developed With RhOde ISIand WRB: O s D O B I B
:’ * Est?mate:l Unaltered SUE_Emﬂﬂw _
: * ; Hmallinl?;i i::rll:g I::11I II‘::: Etms:rr:lg:apdl el}lg;fered Streamflow
Input data
* USGS streamflow and groundwater data "E

* Monthly precipitation from NWS
* Permitted withdrawals

Output data
* Estimates of daily mean flow

Streamflow, in cubic feet per second per square mile

01 |-

Report: - :

Granato, G.E., 2014, Hydrologic Drought Decision Support System L M
(HYDFODSS) u.S. Geological Survey Open—FiIe Report 2014—1003, 91 1E-3 | L L L L L Ll L |‘| | |

p., with CD—ROM, S P BN D PRSP Db PP D @@ @@

Percentage of time estimated streamflow was equaled or exceeded

USGS https://webdmamrl.er.usgs.gov/gl/ggranato/Software/HyDroDSS.html



Sustainable Yield Estimator

Statewide model, with MA DEP:

Input data

* Flow-duration at gaged sites used to estimate
flow at ungaged.

* Permitted withdrawals and discharges

Output data (integrated with StreamStats)
* Streamflow values at ungaged locations
adjusted for withdrawals and discharges

Report:

Archfield, S.A., Vogel, R.M., Steeves, P.A., Brandt, S.L., Weiskel, P.K.,
and Garabedian, S.P., 2010, The Massachusetts Sustainable-Yield
Estimator: A decision-support tool to assess water availability at
ungaged stream locations in Massachusetts: U.S. Geological Survey
Scientific Investigations Report 2009-5227, 41 p. plus CD-ROM.

=USGS

Propairdlon o s ol s o S
Blapvas berarfhy. Drpirteeresd of Frveemesysl sl Froded lom

The Maztachusens Sustainablbe-Yield Estemator:
A decision-suppor tool 1o assess wailer availablliy at
ungaged stream bocations in Mazsachusetis
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https://pubs.usgs.gov/sir/2009/5227/




New Hampshire PRMS Model

Statewide model, with NH DES Coastal
Program and NH HHS BRACE program:

GCMs as input data — updated regularly

* precipitation and temp and wind, etc.

Output data (in GRANIT system GIS)

* recharge, soil moisture, snowpack, streamflow,
etc.

PILOT report:

Bjerklie, D.M. et al, 2015, Simulating hydrologic response to
climate change scenarios in four selected watersheds of New
Hampshire: U.S. Geological Survey Scientific Investigations Report
2015-5047, 53 p., http://dx.doi.org/10.3133/sir20155047.

STATEWIDE report:

Bjerklie, D.M. and Luke Sturtevant, 2017, Simulated Hydrologic
Response to Climate Change During the 21st Century in New
Hampshire, Scientific Investigations Report 2017-XXX (in review)
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Prepared in cooperation with the
New Hampshire Department of Health and Human Services

Simulating Hydrologic Response to Climate Change
Scenarios in Four Selected Watersheds of New Hampshire
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Scientific Investigations Report 2015-5047

http://pubs.er.usgs.gov/publication/sir20155047




CONTACT:

Richard Kiah, Chief, NH-VT Hydrologic Network Operations
New England Water Science Center

rkiah@usgs.gov

603-226-7819




