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Tools for Working with Time Series: NC Director of Water

The Nature Conservancy’s ITHA

TheNature Q

Conservancy

Lecture Overview

* The natural flow regime (poff et al. 1997)

* Examples of important hydro-
ecological flow regime components

* |HA Software (Richter et al. 1996, 1997)

The Natural Flow Regime

A paradigm for river conservation and restoration

N. LeRoy Poff, J. David Allan, Mark B. Bain, James R. Karr, Karen L. Prestegaard,
Brian D, Richte Stromberg

r, Richard E. Sparks, and Julie C. S

The ecological integrity
of river ecosystems
depends on their natural
dynamic character

The Indicators
of Hydrologic
Alteration

fekcome. Start by opening sither a Hydra Data Fie or a Project I xd17,y:34
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The Natural Flow Regime
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Ecological Functions of the Natural Flow Regime
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Impacts of Altered Hydrologic Regimes
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(Postel and Richter 2003)

IHA Softwa I"€ (Richter et al. 1996, 1997)

* Analyzes hydrologic characteristics and
their changes over time.

* Computes 67 ecologically-relevant flow
statistics using daily hydrologic data.

* Designed to be a user-friendly, flexible tool,
applicable to a variety of hydrologic
systems

The goal of IHA is to show changes to
hydrology. The next step is to connect this to
river functions and ecology.
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Comparing Time Series
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Analysis Options

Type of analysis and statistics:

* Two period (before and after) analysis or trend analysis

* Parametric or non-parametric statistics

Time periods to analyze:

* Can analyze a subset of water years in the period of record

* Can analyze seasonal periods (i.e. shorter than a 12-month
water year).
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IHA Annual Statistics
(33 parameters; Richter et al. 1996)

* Monthly average flows

* Magnitude of annual extremes
(1-, 3-, 7-, 30-, and 90-day highs and lows)

* Timing of annual extremes (1-day max and min)
* Zero flow days

* Frequency and duration of high and low pulses
* Rates of flow changes and reversals

* Base flow index

11
g s s COlorado River at Lees Ferry
Low HA = 2079 7-Day Maximum
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(Richter et al. 1997)
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Environmental Flow Components (EFCs)
(34 parameters; Richter and Thomas 2007)

* Monthly low flows: mean/median
* Extreme low flows:

magnitude (mean, median, minimum), frequency,
duration, timing

* High flow pulses:
magnitude (mean, median, maximum), frequency,
duration, timing, rise/fall rates

* Small floods (i.e., 2-10 yr events)
magnitude (mean, median, maximum), frequency,
duration, timing, rise/fall rates

* Large floods (i.e., >10 yr events):
magnitude (mean, median, maximum), frequency,
duration, timing, rise/fall rates

Deschutes River at Olympia
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IHA Workflow
Hydro Data file Analyses
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IHA Input Data

« Can import daily data from
text files

— From USGS:
waterdata.usgs.gov

— Two-column text format
(calendar date, flow value)

 Batch imports also an option

P EBDEL_01421000.c5% - Notep:

File Edit Format VYiew Help

=10l

Date, Flow

11,15,,15912,1040
11,/20/1912,1040
11/21.1512, 950
11221512, 870

11,/28/1612,1040
11,/29/1912, 910
11,/30/15912, 870
12,1,1912, 800

12/2/1912,870

12/3/1912,7450
12/4/1912,4470

K

.

Analysis Set Up: General Options
g;nnalysis Properties for Two Period Non-Parametric {1940-68, 1969-2003) 10| x|
[ Analyzis Years | Analysie Days | Stalislicsl Environmental Flow Cnmponentsl

Analysis Name
{NameJTwoPaodNomeameMCH94D5&19592003 |
rTitle for output tables and graph:

Title: |Two Period Mon-Parametic |
‘ The IHA will issue a warming if it attempts ta interpolate across a missing data gap longer than (10 A days
wiatershed are. Divide the data by & constant;

1.00 b4 ( 1.00 ]
X oo |
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Analysis Set Up: One or Two Periods

:_nnalysis Properties for Two Period Non-Parametric (194 1969-2003) ) -0l x|

Analyzis Title/Options Analysiz Daps I Statistics | Enwdronmental Flow Components

Type of analysi
rAnalyze a single period:
Select the Begin and End "W ater r'ears for your analysis [by dragging the sliders at the far left and far right]
r
I 1940-2003 I
rLCompare two periods:
Chaoose the Impact \Water Year [by dragging the slider at the center either left or right]
1340-1968 I 1965-2003 |
ol
Select the portion of the Predmpact period to be analyzed: Select the portion of the Post-lmpact period to be analyzed
I 1940-1968 II 1963-2003 I

X Cancel ¢ Help |

Analysis Set Up: Shortened Time Periods

:{_Analysis Properties for Two Period Non-Parametric (1940-68, 1969-2003) i —10] x|
Analysiz Tite/Options | Analysis Vears

Statistics | Environmental Flow Enmpnnentsl

rBeginning of ‘water Year:
The water year starts on day (mmddd): 10,01 Jullian Day: 275

—For IHA parameters vou may limit the analysis to only a part of the vear:
¥ “res, Limit Analysiz o only a part of the year.
Begin on day [mmsdd)y  (04/01 _ﬁ] Julian Day: 92
and end on dap [mmddd] (0901 _aj Julian Day: 245

rSeason definitions for Envirohmental Flaw Component:
¥ “Yes, Use Two Seasons [ Note: Seasons cannat overlap)

Season 1 beging on day (mmédd): [11/15 _E] Julian Day: 320, and ends on day [mm/dd):  |04./30 _EJ Julian Day: 127
Seaszan 2 beging an day (mmddd): |07/01 ﬁ] Julian Day: 183, and ends on day (mm/dd) {0915 ﬁ] Julian Day: 259

x Cancel | ? Help |
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Analysis Set Up: Parametric or Non-Parametric

x_nnalys Properties for Two Period Non-Parametric {1941 1969-2003)

Analysis Title/Options I Analysis Years | Analysis Days Environmental Flow Components I

rSelect Type of Statistic:

Lse Parametiic [mean/standard deviation) statistic:
~ High and low flow pulse threshalds are defined as the mean plus ar minus E&I Standard Deviation(s]
R4 Category boundaries are the mean plus or minus IE& Standard Deviation(s]
Use Non-Parametric [percentile] statistics:
P High flows and Low flow pulse thresholds are the median plus or minus Eﬂ Percent
O
Rwa Category boundaries are the median plus or minus Eﬂ Percent

If the low pulse threshold is less than O, it will be reset ta the 25th percentile.
If an BV Category boundary is outside the range of the pre-impact data, it will be reset ta the 25th or 75th percentils.
I either of these situations occurs, a notice will be posted in the message report.

=10 x|

x Cancel | ¢ Help |

Analysis Set Up: EFC Definition

:_Analysis Properties for Two Period Non-Parametric (1940-68, 1969-2003)

Analysis TilIe/DptionsI Analysis Years | Analysis Daysl Statistics

Environmental Flow Companent [EFC) analysis computes statistics for five different flow components: extreme low flows,
lowe flows, high flaw pulses. small floods. and large floods. IF pou wish. this analysis may be performed for twa separate
seazons [zee Analysis Days tab)

The parameters used to define EFCs can be set below:

rHigh Flow Pulze:
Al flows that exceed IEE percent of fows far the period will be clazsified az high flow pulses.
Mo flaws that are below IEA percent of fows far the period will be clazsified az high flow pulses.
Between these two flow levels, a high flow pulse will begin when flow increases by more than EE
percent per day. and will end when fow decreases by less than IEE percent per day

rFlood Defiritiors
& small flood event is defined as a high flows pulse with a recurrence time of at least:  [2.00 ﬂ years.
A large flood event iz defined az a high flow pulse with & recurrence time of at least:  |10.00 ﬂ years.

rExtreme Lowflow Definitior

Ain extreme low fow is defined as a flow in the lowest |10 ﬂ percent of all low flows in the period.

=lolx|

XK Cancel |
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IHA Outputs

IHA output tables contain:

e Annual values for each parameter (for each water year)
e Statistics calculated from these annual values
- Will differ depending on whether parametric/non-parametric
statistics or one- or two-period analysis were selected
e Daily flow values by EFC type
e List of warning messages

IHA Outputs

il spreadsheet: Roanoke River / Two Period Non-Parametric 1912-2004 -1o] x|
=l i “jp ~]/==E® B rus BE £~ -
Al caw.pHAAmmlsummw Statistics
A B c | 1] E F G H 1 J -
1 [[HA Annual Slmmary Statistics
2
[ 3 | Two Period Nor-Parametric 1912-2008
4
5 Year October November  December  January February March April May Lne
[ 1912 9060 9060 9060 6620 9500 21400 9845 9280
7 1913 2620 3090 3250 5140 4260 9060 7010 4260
8 1914 3740 4430 S870 7400 11650 11400 8210 4780
9 | 1915 2460 2460 10900 14700 10900 8210 6620 4430
| 1916 6080 3160 3630 8130 8130 5700 4800 4290
n | 1917 2930 2660 3160 8570 7280 15900 7280 5700
12 1918 2270 2615 1620 4430 10900 7010 13300 8630
13 1919 2040 4085 8630 9960 7400 9360 7400 10400
14 1920 3090 2770 3410 3740 8210 8630 9280 4780
15 1921 270 3215 12500 10000 11750 8000 7310 6280
16 1922 1620 3540 3700 4860 14150 17200 7080 9500
17 1923 3540 2930 4180 9000 127350 17200 8150 5380
1’| 1924 2760 3440 5030 10000 6500 9520 11850 15600
19 1925 5380 4525 6500 16800 10000 6000 5205 5740
20 1926 27 3230 4040 5740 11600 6900 6120 3440
21 1927 1620 3360 4650 5030 8150 7720 8590 3740
22 1928 5030 230 10000 6200 8590 6000 7935 5740
23 1929 5030 4360 4360 S030 7510 14400 8590 8590
24 1930 6480 8650 7320 7970 7970 5680 5480 3800
| - 1931 859 2105 2370 4050 2935 4260 8000 6390
% 1932 12680 1465 2710 $300 6390 8150 7500 4810 -
M 4/ » M\ emn {sco frva fbew [ pat [ deilyefcs {idc £ msg / « »

11
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IHA Outputs
IHA graphs include:
e Annu al d ata graphs 3 Saél"&?“;ﬁifi’(ﬁﬁéﬁiﬁﬁif’
e
e Daily data graphs :

e Range of Variability graphs :

| -
e Monthly mean/median graphs . MU U\ U\M\

1884 1890 1697 904 1911 1918 1925 1932 193 1946 1953 1960 1367 1974 1981 1938 1995 2002

e Flow duration curve graphs

23

While Examining Hydrology,
think about Ecology!

12
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IHA Outputs

[ Indicators of Hydrologic Alteration i oy [m] B3
A Graph Options Window Help

NS rroectipostoranch =i x| L .
QI crapi cactoranch 2. 1t aranen Delaware RVSESER SV SRRINY DEE * Thered line is an estimate of
EriRalKilg — overbank flow. How might post-
ot Flows (19721
East Branch Delaware River o it e e impact flows might affect ecology?
1-Day Maximum —2:{:‘:;&;1\\9
18,000
17 000
16,000 L.
15,000 * Limited overbank flow to
bt interact with floodplains
12,000
gH‘DDD X X X
& 100w ] : * Possible reduction in cues for
T 9000 Lg .
g & s I [:‘ i i fish to move upstream for
2 70m I | .
I ks 0 !1 ’ ‘“\‘; h. A spawning
S 5000 ! ;({\ w’ fj | - ; \
4200 i | s AV 7 AT . . .
200 \ | \ AN \*\, I, Fg * Sediment dynamics might
—_— 20w Wbl [ v %F{‘\ N\ | ﬁié; \ . .
1m0 VL Vil AWAY \/ change without the higher
il Ld
1942 1945 1948 1951 1954 1957 1960 1963 1966 1969 1972 1975 1978 1981 1984 1987 1990 1993 1996 1999 fIOWS

XB13, B/

IHA Outputs

[ Indicators of Hydralagic Alteration P[]}
4 Graph Options Mindow Help

[ Srrovect comatsprings . )
IR G-t comel sorings 22w Comal sprnges Tenas s epaeA TR ol *  Who or what might be impacted
rEEBRADE@BS by this trend?
i . Y =-0.857X + 1904
M Comal Springs, Texas
7-Di Mini R2=0.04427 . e
= 2y T * Adeclining trend of low flows
0 might be costly to a water
300 utility.
280
260
G * Declining low flows might
gm affect species like mussels
180 .« e
L R who need a minimum flow
i 140
[ 120
o * In reverse, this dynamic could
& help some trees or aquatic
— 40 . .
o species establish/outcompete
D1925 1932 1936 1940 1944 1948 1952 1956 1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004 Others
T
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IHA Outputs

[ Indicators of Hydralagic Alteration j P[]}
4 Graph Options Mindow Help

5, Project: ColLeesFermry e x|

I = rooh: CollcesFerry / 2.np / Colorado River a} Lees Ferry - Monthly Flow Alteration with RYA Boundaries (1922-20 =100 x| . .
—f @% = S * How might post-impact flows
¥ might affect ecology?
Colorado River at Lees Ferry
Monthly Flow Alteration with RVVA Boundaries (1922-2004)
1,800
1600 * The temperature of the water
1400 might change.
E‘\QDD
- * Likely a reduction in cues for
Fa- fish to move upstream for
g o spawning
= 400 . . .
* Sediment dynamics might
" change without the higher
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IHA Outputs

2%, Indicators of Hydrologic Alteration A =10] x|
HA Graph Options Window Help

~iof|
X.Graph: Roanoke / 2_np / Roanoke River - Environmental Flow Components (1912-2003) =100 x|

=@ e M Lef

w

Roanoke River
Environmental Flow Components (1912-2003)
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