Comprehensive analysis and separation of river hydrograph using the grwat R package
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programming tools aimed at
analysis of river hydrograph

Aggregates hydrograph data by each water-resources year

. Fill in observations based i
gr_fill_gaps() S 8aps I observauons based on gr_summarize() resulting in more than 50 useful variables

threshold autocorrelation value

Year * Yearl * Year2 * datestart ° datepolend * polprod * : ® datemax * Qygr  ° Qmmsummer ° monmmsummer ° Qmmwin * nommwin
e R A - 6 i . ] 1946
1946 1946 1947 1946-04-11 1946-05-20 39 days 6 2 1946-04-30 19.8819: 7. 7 8.6
5 1946
1947 1947 948 1947-04-04 1947-05-24 50 days 8 2 6 1947-04- 20.239717 7. 8.3
grwat I . ) 1946

1948 1948 1949 1948-04-05 1948-05-14 39 days 55.68692 9 1948-04-13 18.070650 A 8.0

1946

an R package for hydrograph separation and i water level, ture and percipitation data. It
makes use of geographic data processing to spatially select temperature and precipitation data within the basin of each gauge, average
these data and join them to each element in water level seri h-preformance Fortran/C++ computation is used for hydrograph ‘ a . 2 1946
processing that separates water level series into ground, seasonal, thaw, and flood discharge. Interannual and long-term characteristcs.
of each discharge type are derived. Results aro visualized in a form of high-qualty reports making use of ggplot2 graphics and knitr 7.10 1045
report generation
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To use grwat on your machine you need tonsta
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tools (Windows and

3. grwat package tself
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4. TeX distribution (only f you need PDF reporting)
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Install devtools package

devtools is a great ibrary that faciltates working with in-development packages not hosted on CRAN. You have to instal tfrst (unless
Itis already installed on your machine):

S gr_baseflow()

Visualizes interannual variable changes with Mann-
Kendall, Pettitt and Theil-Sen tests

Separates hydrograph into baseflow and quickflow
using numerous parameterized methods

gr_plot_vars()

What ! S in S ide maxwell boughton Annual groundwater runoff Seasonal flood runoff (with groundwater)
1000- 1000- Pettitt: U* =958, p=0 Pettitt: U* = 598, p = 0.00128

. Mann-Kendall: z = 6.63, p = 0. Theil-Sen: i = 0.06833 Mann-Kendall: z = -3.797, p = 0.00015. Theil-Sen: i = -0.07591
More than 25 functions to automate o = T
hydrograph separation, analyze and visualize . 750
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inter-annual and long-term changes 101
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or_fillgaps() Fil missing waterdischargo data using Inear interpolation 5-
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or_jotn_interin() Join ERAINTERIM data to hycrologicalleval series
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or_plot_periods() Pltlong-tsrm changes of hydrograph variabies or two periods Date Date Water-resources year Water-resources year
or_plot_separation() Plot hycrograph separation

Plot scale-space tree of hydrograph

Plot change year density

Separates discharge using the original method . Visualizes long-term changes of variables separated
T osmooam i gr_sepa rate() based on precipitation and temperature data gr_plot_perlods () into two periods calculated by Pettitt test

Process gauge directory 2007 2008 o
gr_read_interin() Read ERA-INTERIM reanalysis NetCDF files with temperature and precipitation 2007-04-25 - 2008-05-18 2008-05-19 - 2009-05-08

AT Read il with hycrograph separation 40000 200004 Annual runoff Seasonal flood runoff (without groundwater)
ar_read_vars() Read file with hycrograph variables 10-07 12008 0507 Student: t = 1.388, p = 0.17088, m1 = 10.397, m2 = 9.454 Student: t = 3.981, p = 0.00027, m1 = 5.312, m2 = 2.604
gr_report_basins () Generate reports with detailed hydrograph analysis @ » Fisher: F = 1.057, p = 0.8584, cv1 = 0.262, cv2 = 0.28 Fisher: F = 1.949, p = 0.05979, cv1 = 0.565, cv2 = 0.826
gr_report_gauge() Generatereport for the specified gauge folder o 30000~ e 30000~
or_set_parans() Ghange separation parameters though graphical interface 20000 20000
or_ss_tree() ot scale-space tres dta rame from ScaledC object | 7 ) ) | : | )
gr_sunmarize() Calculate various summary stats for separated hydrograph 10000 - 10000~ 4 8 12 16 0 4 8 12
ar_test_vars() Run various tests on interannual characteristics. Required number of km® km®

observatons for various tets: Pttt > 0, Mann Kendall > 2, Thel-Sen sopa >

Student > 1 0- 0- p-values of statistical criteria
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