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NatlonaIHydroIoglc Model (cont)

« Simulation of hydrologic processes across the country
= [ncorporates multiple models
= Monthly tlme -step rainfall-runoff, daily time-step deterministic
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= Assimilate best avallable natlonal extent data for model forcing and
parameters
* Tools to disseminate data and information to the public
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Simulated historic conditions: mean monthly plots
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Frequently Asked Questions

About
Summary
Model Futures project.
Disclaimers

Portal Background
Climate Inputs

Spatial Data

Monthly Water Balance
Model

MNavigating in the Portal
Generating Plots
Examples of Plots
Troubleshooting

References

Appendices

Commonly-used
Acronyms
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This frequently asked questions (FAQ) web page provides instruction on how to navigate and
generate plots and summaries on the U.5. Geological Survey Monthly Water Balance Model Futures
Portal, as well as background on a number of topics related to the portal and Monthly Water Balance

» Switch Basemap

https://my.usgs.gov/mows/

Bock and others, 2016¢
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Spatial Summary Type

@ Full Extent #, Prev Extent # Next Extent &I Measure & Legend &g Plots @ Download @ FAQ

N x L

x Plots X
GEOSPATIAL FABRIC FEATURES
Simulated historic conditions: mean monthly plots
¥ -INHDPlus
¥ A streamgage (with IDs) Choose:
[ A streamgage (with ) Spatial summary type: * |Local (HRU) M
¥ ® summary Node
¥ [Oeroject Boundary Location from map: * HRU: 2087
/\,\_\ ¥ — Stream Segment
1 []watershed Boundary Dataset Variable of interest: * \ ]
7 " : e
L4 DHydrologlc Response Unit (HRU) Period of record ‘ v|to] v
(water years): *

Runs (select at least 1): * = L
Subset by KS test p-value: * |No Subset A

Measured and simulated historical streamflow at selected gage: mean monthly
Envelope of future conditions based on downscaled GCMs: annual moving average

Future conditions: mean monthly box plots
Future conditions: mean seasonal box plots

=

« Selection for hydrologic response units, summary nodes,
and streamgages

% USGS Bock and others, 2016¢ Slide 4
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MoWS - Monthly Water Balance Model Portal

N x ¥

GEOSPATIAL FABRIC FEATURES

¥ - 'NHDPlus

¥/ A Streamgage (with IDs)

A Streamgage (with names)

¥ ® summary Node

(L4 DProject Boundary
/\F\’\ ¥/ — Stream Segment
DWatershed Boundary Dataset
I:‘Hydrologic Response Unit (HRU)

*, Prev Extent # Next Extent &I Measure & Legend E2Plots @ Download @ FAQ

Plots

Simulated historic conditions: mean monthly plots

Choose:

Spatial summary type: * Accumulated (summary node or streamgage) ¥

Location from map: * East River (244)

Variable of interest: * [ v

Period of record | v |to v

(water years): *

Runs (select at least 1): * & ~
Subset by KS test p-value: * |No Subset v

|Click to Plot| |Click to Download| |Clear|

Spatial summary type: *

Location from map: *

Accumulated (summary node or streamgage) ¥

East River (244)

Upstream
Accumulated

Crested
Butte

(.)

Measured and simulated historical streamflow at selected gage: mean monthly

Envelope of future conditions based on downscaled GCMs: annual moving average

Future conditions: mean monthly box plots

Future conditions: mean seasonal box plots

51

« Selection for hydrologic response units, summary nodes,

and streamaqaqges

= USGS

science for a changing world

Bock and others, 2016¢ Slide 4




Variable of interest: #

by

Actual evapotranspiration (AET)
Atmospheric temperature (TAVE)
Potential evapotranspiration (PET)
Precipitation (PPT)

« Temperature = degrees

Celsius (°C)

 All other variables =
millimeters (depth per unit

» | Runoff (RO}
HRU g Snow water equivalent (SWE) area)
Variable of interest: * v o
Temperature Precipitation
» | Accumulated streamflow [STRI) N
by Actual exrztlpotrztlnspiration (AET}_ l \: ~ ~ N
Sum mary n ode 'SLT&?ZT'ZEL??E? ﬁuﬁgﬁgga NS SWE:
gﬂfﬂz? éEE\T;Ient (SWE) Potential \ " N Snow Water
——— Evapotranspiration "\ "x v E . | t
ulvalen
+ Simulated runoff (RO) i o a
summarized locally for Actua 1 ownert |RaN
. . . Evapotranspiration Snow Direct Runoff
hydrologic response units; smrage‘ vy >
simulated streamflow CWE) Surplus Rugoff

(STRM) along the stream
network at summary
nodes

ZUSGS

science for a changing world

Soil-Moisture Storage

McCabe and Markstrom, 2007, Bock and others, 2016¢
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Runs (Climate Dataset Selection)

@ Full Extent #, Prev Extent # Next Extent I Measure & Legend ®2Plots 7 Download @ FAQ

N X L

GEOSPATIAL FABRIC FEATURES Bloks
Simulated historic conditions: mean monthly plots
¥ - 'NHDPlus
¥ A streamgage (with IDs) Choose:
A streamgage (with names) Spatial summary type: * Accumulated (summary node or streamgage) ¥
¥ ® summary Node
# [Jproject Boundary Location from map: * East River (244)
/\\'\\\ ¥ — Stream Segment
[ Jwatershed Boundary Dataset Variable of interest: * | v -
# [Juydrologic Response Unit (HRU) Period of record ‘ s = C I I mate

(water years): *

Runs (select at least 1): * _ d ataset h

Subset by KS test p-value: * | No Subset

[Click to Plot] [Click to Download| [Clear| Selectlon

JAS

Runs (select at least 1): * =

3 ORI

Select runs (by clicking on the cells in the right 2 columns). Use Cl

Station Based (SB) GSD

Statistically Downscaled GCMs (SDS) BcsD cmipg BCCR_BCM2 0

CCCMA_CGCM3_1 Measured and simulated historical streamflow at selected gage: mean monthly
CNRM_CM3
CSIRO_MK3_ 0 Envelope of future conditions based on downscaled GCMs: annual moving average

GFDL_CM2_1 Future conditions: mean monthly box plots
GISS_MODEL_E_R
INMCM3_0
IPSL_CM4
MIROC3_2 MEDRES
MIUB_ECHO_G
MPI_ECHAMS
MRI_CGCM2_3_2A
NCAR_CCSM3_0 [»/
NCAR_PCM1
UKMO_HADCM3
cmIps BCC_CSM1_1_M
BCC_CSM1_1
BNU_ESM

Future conditions: mean seasonal box plots

L&

USGS Bock and others, 2016¢ Slide 6
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Downscaled Geneml Czrculatzon Modéls (GCMs)

Global surface warming (°C)

CMIP5 models, RCP scenarios

‘]_.4

| =— Historical

.
- Historica

1900

2000
Year

—
Future

—
2050

< USGS

science for a changing world

« One portion of GCM is historical conditions, and one portion is future
conditions

Slide 7
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Downscaled General Circulation Models (GCMs)

450

400

-70.0

Local Observations GCMs Statistically downscaled
GCMs

« One portion of GCM is historical conditions, and one portion is future
conditions

« Statistical Downscaling: develop statistical relationships between
observed climate variables and the coarse-scale GCM variables

« Can be used for finer-scale applications

< USGS

science for a changing world

Slide 7




MWBM Futu res Database

Dataset # of Datasets Period of record on Portal
Gridded station datal 1 1952-2005 (historical)
BCSD CMIP32 1952-2005 (historical)

SRES bl 32 2020-2099 (future)

SRES alb 33

SRES a2 29
BCSD CMIP53 1952-2005 (historical)

RCP 4.5 52 2020-2099 (future)

RCP 6.0 25

RCP 85 50

IMaurer and others, 2002,
2Bureau of Reclamation, 2011, 3Bureau of Reclamation, 2013

« Bias-corrected spatially disaggregated (BCSD) general circulation

models (GCM)
* Includes ancillary data and other model components

% USGS Bock and others, 2016a; Bock and others, 2016b Slide 8




MWB M F utu Fes Database CMIP3 models, SRES scenarios
Dataset #of Datasets | = | _ bpecqed
— SRES A1B
Gridded station data? 1 0 4 | — SRESA2
BCSD CMIP3? F;
SRES b1 32 ;
SRES alb 33 ?
SRES a2 29 E
BCSD CMIP5? E
O
RCP 4.5 52 ﬂ
RCP 6.0 25 G |
RCP 8.5 50 e ‘ ‘ S—
1900 1950 2000 2050 2100
IMaurer and others, 2002, Year

2Bureau of Reclamation, 2011, 3Bureau of Reclamation, 2013

« Bias-corrected spatially disaggregated (BCSD) general circulation
models (GCM)
* Includes ancillary data and other model components

R{!

a2 USGS Bk sl e, 20GEes ok arovdl o, 20755 Slide 8

ce for a changing world



MWBM Futures Database  CMIPS models, RCP scenarios
Dataset #of Datasets | ~ | = pistoica
Gridded station data? 1 G = RCP 60
BCSD CMIP3? B, | T
SRES b1 32 ; :
SRES alb 33 F :
SRES a2 29 E ,
BCSD CMIP53 3 |
RCP 4.5 52 N l
RCP 6.0 25 '
RCP 8.5 50 - |
1900 1950 2000 2050 2100
IMaurer and others, 2002, Year

2Bureau of Reclamation, 2011, 3Bureau of Reclamation, 2013

« Bias-corrected spatially disaggregated (BCSD) general circulation
models (GCM)
* Includes ancillary data and other model components

Rl((

< USGS Bk sl e, 20GEes ok arovdl o, 20755 Slide 8

ce for a changing world



Runs (Cllmate Dataset Selectlon) (cont)

Select runs (by clicking on the cells in the right 2 columns). Use CI

Station Based (SB) sign_ﬂcuz_n by GCM/Model

Statistically Downscaled GCMs (SDS) BCSD CMIP3
CCCMA_CGCM3_1

CNRH_EHB a G roup

CSIRO_MK3_0
GFDL_CM2_1
GISS_MODEL_E_R
INMCM3_0
IPSL_CM4
MIROC3_2_MEDRES
MIUB_ECHO_G
MPI_ECHAMS
MRI_CGCM2_3_2A
NCAR_CCSM3_0
NCAR_PCM1
UKMO_HADCM3
cMmIps BCC_CSM1_1 M
BCC_CSM1_1
BNU_ESM

Selection interface for plots based on
historical conditions members)

a2 USGS

science for a changing world

Bock and others, 2016¢ Slide 9




Runs (Cllmate Dataset Selectlon) (cont)

ells in the right 3 columns). Use Clear button to reset.

BCSD CMIP3 Emission scenario bl

Emission scenario alb

Emission scenario a2

BCCR_BCM2_0 Submit
CNRM_CM3
CSIRO_MK3_0
GFDL_CM2_1
GISS_MODEL_E_R
INMCM3_0
IPSL_CM4
MIROC3_2_ MEDRES
MIUB_ECHO_G
MPI_ECHAMS
MRI_CGCM2_3_2A

i

NCAR_CCSM3Z_0 <

NCAR_PCM1
BCCR_BCM2_ 0
CCCMA_CGCM3_1
CNRM_CM3
CSIRO_MK3_0
GISS MODEL_E_R
INMCM3_0
IPSL_CM4
MIROC3_2_ MEDRES
MIUB_ECHO_G
MPI_ECHAMS
MRI_CGCM2_3_2A
NCAR_CCSM3_0
NCAR_PCM1
BCCR_BCM2_0
CCCMA_CGCM3_1
CNRM_CM3
CSIRO_MK3_0
INMCM3_0
IPSL_CM4
MIROC3_2_ MEDRES
MIUB_ECHO_G
MPI_ECHAMS
MRI_CGCM2_3_2A
NCAR_CCSM3_0
NCAR_PCM1
UKMO_HADCM3

by GCM
Emission Scenario
Model Group

Selection interface for plots
based on future conditions



TR
S

Mean monthly streamflow o
based on water years 1952 to 2000 PIOttI ng MWB M
variables during

B Measured

o = G historical conditions
- (1952 through 2005)
- * Line for each GCM
- simulation, with thick
: t=wsw || |ine denoting the median
% of the historical
°] conditions
- Region = R03 : g;’%ﬁure‘j
Ot Nov Dic Jin Feb Mar Apr May Jn i Alg Sep CAGE = 02357099 m CMIP5

Month

% thGﬁ Bock and others, 2016¢ Slide 10



Annual temper
- departure from baseline

(1955 to 2000)

Emissions

FRCPs.5
RCP4.5

Celsius

0

‘-..__....

e Plots
 Plotting MWBM variables for

departure from baséline (1955 to 2000)

2030 2040 2050
Year

=ZUSGS

science for a changing world

future conditions (2020 through
2099)

« Change from historical

conditions into the future

» Envelope bracketing min/max

of each emission scenario
ensemble, with single line
denoting the median of each
ensemble

Each emission scenario given
its own color

Several unique arguments

Bock and others, 2016¢ Slide 11



Future Condltlons Box Plotsn

2090
2060
2030
2000

[ty in mean monthly runoff under A2

millimeters
60 80 100

40

20

e o o 3
i o
Lt ° o
! T o
1 T I
I L o
I T TS
I o T 1 L]
4 to }0 |
[ i
i LeT -
: l
L L
Tl
L
L S L
L
g L
L

Oct Nov Dec Jan Feb Mar Apr May Jun Jul  Aug Sep

R '

Monthly or seasonal variability
for GCMs of a single emission
scenario around three future
time periods (2030, 2060, and
2090) compared to a baseline
(red line, the median of

the climate simulations in the
chosen emission scenario
[SRES] or representative
concentration pathways [RCP])

2000: 1995 through 2005
2030: 2025 through 2035
2060: 2045 through 2055
2090: 2085 through 2095

Bock and others, 2016¢ Slide 12



Future Condltlons Box Plotsn

h mean seasonal runoff under RCP 8.5

m 2090
= 2060 = 2090
= 2060
2030 2030
— 2000
B . T
&
<5 Region = R11
E <+ HRU = 6311
E
S T
= i
o | — -
Jan—IIVIar AprLJun Jul-éep Oct-IDec
Months
=ZUSGS

NG T
RS

Monthly or seasonal variability
for GCMs of a single emission
scenario around three future
time periods (2030, 2060, and
2090) compared to a baseline
(red line, the median of

the climate simulations in the
chosen emission scenario
[SRES] or representative
concentration pathways [RCP])

2000: 1995 through 2005
2030: 2025 through 2035
2060: 2045 through 2055
2090: 2085 through 2095

Jouo Bock and others, 2016¢ Slide 12



Subsettlng Cllmate Dataset Selectlons

Portal uses the Kolmogorov-Smirnov (KS) test (Conover, 1971) to subset

GCM selection to those that best reproduce past conditions (Hay and

others, 2014)

Compares empirical cumulative distribution of downscaled GCM simulation data
and that of the station-based dataset (GSD) used for the downscaling procedure

1

Cumulative Probability
o o o
feN (o} [00]

Q
(V)

0

Plots

Simulated historic conditions: mean monthly plots

Choose:
Spatial summary type: * Accumulated (summary node or streamgage) ¥
Location from map: *

Variable of interest: *

~__*_ 1 _r

Subset by KS test p-value: * | No Subset
. No Subset
(Click 1€y cep if KS > 0.01
Keep if KS = 0.05
Keep if KS = 0.10

L

A

nad| |Clear

: X, : :
Chosen climate simulations not meeting KS test p-value thresholds are
withheld from plotting data and attributed in the time series csv

a2 USGS

science for a changing world

Hay and others, 2014; Hay and others, 2017 (in prep.)
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Sub settlng Climate Dataset Selectlons (cont)

Mean monthly precipitation

based on water years 1952 to 1999 « Number of downscaled GCM
Region = R03 . - GSD simulations that meet the KS
g HRU=7377 : = CMIP3 test threshold are noted

KS = 14/37 . .
In the plot annotation and csv

header (plots based on KS test
p-value of 0.01)

110

00

1

Region = R03
HRU =7377

millimeters / month
90

80

70

T T T T T T T T T T T I
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Month

2 USGS Hay and others, 2014; Hay and others, 2017 (in prep.) Slide 14

science for a changing world



Sub settlng CllAmate Dataset Selections (cont)

Mean monthly precipitation
based on water years 1952 to 1999

 Number of downscaled GCM

Region = R03 = GsD simulations that meet the KS
g HRU=T7377 = CMIP3 test threshold are noted
KS = 14/37 . .
In the plot annotation and csv
o header (plots based on KS test
p-value of 0.01)
-
5
€8
> - Region = RO3
g ke 147
[}
£,
£
Ch M N
DS-BCSD-CMIPS-&Z-MIROC3_2_MEDRES_3 @DS-BCSD-CMIPS—aZ—MIUB_ECHO_G_l
7 162.27077 102.9931
o il 215.4929 109.87238 |

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Month

2 USGS Hay and others, 2014; Hay and others, 2017 (in prep.) Slide 14
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Percent of
downscaled

general circulation |

models (GCMs)
that replicate

historic conditions |

across MWBM
variables (using a
KS test p-value
threshold of 0.05).

a USGS

science for a changing world

-100 -90 -80

120 -110 70 OI

CMIP3, Runoff CMIP5, Runoff =

“h X Z —

)

o

)

O

—

)

S o
30 110 -100 90 80 70 <

Hay and others, 2014; Hay and others, 2017 (in prep.)
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Environmental Protection Agency Office of Wetlands, Oceans, and Watersheds,
and the U.S. Department of the Interior (DOI) South Central Climate Science
Center.
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DOI North Central Climate Science Center, the USGS Center for Integrated
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Assomated Products

e Journal Articles

Bock, A.R., Hay, L.E., McCabe, G.J., Markstrom, S.L., and Atkinson, R.D., 2016a, Parameter
regionalization of a monthly water balance model for the conterminous United States: Hydrology
and Earth System Sciences, v. 20, p. 2861-2876.

McCabe, G.J., Hay, L.E., Bock, A.R., Markstrom, S.L., and Atkinson, R.D., 2015, Inter-annual
and spatial variability of Hamon potential evapotranspiration model coefficients: Journal of
Hydrology, v. 521, p. 389-394.

Hay, L.E., Bock, A.R., McCabe, G.J., and Markstrom, S.L., Do Downscaled General Circulation
Models Reliably Simulated Current Climatic Conditions? (In Prep.)

« USGS Data Products

Monthly Water Balance Model Futures Portal: https://my.usgs.gov/mows/



https://my.usgs.gov/mows/
https://my.usgs.gov/mows/

Assomated Products

» USGS Data Products (continued)

Bock, A.R., Hay, L.E., Markstrom, S.L., and Atkinson, R.D., 2016b, Monthly Water Balance
Model Monthly Water Balance Model Futures: U.S. Geological Survey data release, accessed
June 15, 2016, at http://dx.doi.org/10.5066/F7VD6WJQ.

Viger, R.J., and Bock, A.R., 2014, GIS features of the Geospatial Fabric for National Hydrologic
Modeling: U.S. Geological Survey, doi: http://dx.doi.org/10.5066/F7542KMD\

 USGS Information Products

Bock, A.R., 2017, The U.S. Geological Survey Monthly Water Balance Model Futures Portal:
U.S. Geological Survey Fact Sheet 2017-3002, 6 p., https://doi.org/10.3133/fs20173002.

Bock, A.R., Hay, L.E., Markstrom, S.L., Emmerich, Chris, and Talbert, Marian, 2016¢, The U.S.
Geological Survey Monthly Water Balance Model Futures Portal: U.S. Geological Survey Open-
File Report 2016-1212, 21 p., https://doi.org/10.3133/0fr20161212

h w M Slide 18
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http://dx.doi.org/10.5066/F7VD6WJQ
http://dx.doi.org/10.5066/F7542KMD/
http://dx.doi.org/10.5066/F7542KMD/
https://doi.org/10.3133/fs20173002
https://doi.org/10.3133/ofr20161212
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South Fork of the Flathead Rlver MT

@ Full Extent € Prev Extent %, Next Extent &% Measure & Legend ®8Plots @ FAQ

. 1 - i y & - - P : Plots — =

Simulated historic conditions: mean monthly plots - 1
Measured and simulated historical streamflow at selected gage: mean monthly .
Envelope of future conditions based on downscaled GCMs: annual moving average E
Choose:
Spatial summary type: * i atac -
Location from map: * South Fork Flathead River (227)

[South Fork Flathead River (227) ¥ | F
Variable of interest: * South Fork Flathead River (227)
Baseline® Big Sa|r‘non ]Creek (225)
Note: a minimum 10-year baseline is re
recommended. ‘
Future conditions v|to] M
£ 3

Choose:

Spatial summary type: * | Accumulated (summary node or streamgage) ¥ |

Location from map: * South Fork Flathead River (227)

South Fork Flathead River (227) ¥ A

Variable of interest: * South Fork Flathead River (227)
F Big Salmon Creek (225
Baseline * Lo bt L ( , )

Note: a minimum 10-year baseline is required and a minimum 30-year baseline is
recommended.

Future conditions ] v|to] v
(water years) * o

] o
Length of running annual mean * [ ] o~
Runs (select at least 5): * (= et
Subset by KS test p-value: * | No Subset v | eS|

[Click to Plot| |Click to Download| |Clear|

a2 USGS Slide 20
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.

A

@ Full Extent €, Prev

100

50

-100

Mean Summer Deficit Anomaly (mm)
o

. } =

Extent # Next Extent

Pedersdh nd bthérs, 2006 |

Plots

Simulated historic conditions: mean monthly plots
>

Envelope of future conditions based on downscaled GCMs: annual moving average

Choose:

Spatial summary type: * | A lated y node or \

Location from map: * South Fork Flathead River (227)

[ South Fork Flathead River (227) ¥ |

Variable of interest: * South Fork Flathead River (227) Ml

Baseline * flg Salrpon f)reek (2%5)

Note: a minimum 10-year baseline is required and a minimum 30-year baseline is
recommended.

Future conditions [ v|to] |

T T o

Extreme Moisture

T

Ty

Extreme Drought

_ l
T |H

" ¥

(water years) *
Length of running annual mean *
=3

Runs (select at least 5): *

Subset by KS test p-value: * | No Subset v
Click to Plot| [Click to Download| |Clear]

Future conditions: mean monthly box plots

Future conditions: mean seasonal box plots

" "

n

1550 1600 1650

1700

=ZUSGS

science for a changing world

1750 1800
Year A.D.

1850

1900

1950

A

Lo o Lo =" r L= 1
flect National Gﬁpﬂraphic's current map policy. Sources: NatiﬂaLG&cgraPhic, Esri, DeLoKne HERE; UNEP...

Examine potential future streamflow using two different baselines for comparison

Slide 21



@ Full Extent & Prev Extent % Next Extent

|

RS, W, sk T
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Once completed, 25% of this 27 mile long creek will have undergone restoration, from
Keystone Landing to just beyond Pioneer Landing, thereby improving the ecological

= 5 S integrity of the entire watershed.
R
- T, >, ey fo - 3 o, ;- o 1 i K ¥ . - ¥ o . -
Hackmatack National Wildlife Refuge is located in McHenry County, o M gt 8 The project is being funded by a $4.9 million US Army Corps of Engineers Section 206

[y Illinois and Walworth County, Wisconsin. The refuge aims to restore
*Gro

& grant, with the match, required from the District, being covered by the value of past land
purchases acquired within Glacial Park that lie within the project area. The footprint of the
project area covers 507 acres.

VCaLedana S
and connect a landscape that includes large blocks of grasslands, wet

N prairies, and natural stream watercourses.

McHanry,
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» Regional, bond-funded programs that

S

emphasize aquatic restoration and biodiversity = The kishwaukee River

The Kishwaukee River is considered to be one of the highest quality streams in lllinois due to its relatively clean
water and the diversity of life it supports. Designated an lllinois Resource Rich Area and a Biologically
Significant Stream, the “Kish” watershed supports numerous threatened and endangered plant and animal
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