Evaluating Antecedent Precipitation Conditions

Using Climate Data Available in Minnesota

Board of
Water & Soil May, 2015

Purpose: This document describes procedures that can be used to evaluate antecedent
precipitation using climate data and tools available in Minnesota.

Audience: Those involved in jurisdictional wetland delineation, restoration, mitigation,
regulation, or any other activity requiring the use of hydrologic data, observations, or imagery.

Use: These accepted methods can be used to compare antecedent precipitation conditions
between different dates for sites in Minnesota. They make the best use of data and tools readily
available via the web from the Minnesota State Climatology Office. The ability to compare antecedent
precipitation conditions is often relevant to assessing wetland hydrology.
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1. Introduction

The publications Accessing and Using Meteorological Data to Evaluate Wetland Hydrology (Sprecher and Warne,
2000), and USDA-NRCS Engineering Field Handbook — Chapter 19 — Hydrology Tools for Wetland Determination
(NRCS, 1997 and draft update 2011), are important resources for nationwide application. They describe techniques
for evaluating the precipitation preceding a particular date to determine whether observations made on that date
are representative of relatively normal, wet, or dry conditions.

In Minnesota, we have the additional resource of an outstanding State Climatology Office, whose web-available
climate data and tools greatly enhance the application of these procedures. Together with the capabilities of
spreadsheet programs, these data and tools make the procedures accessible and straightforward.

The first method uses monthly precipitation data and the WETS Tables (or their Minnesota equivalents) and is
derived from the method presented in Hydrology Tools for Wetland Determination (NRCS, 1997). The State
Climatology Office web site has a built-in tool for applying this method. The second method evaluates daily
precipitation data on the basis of 30-day rolling totals. These methods can also be combined as a 3rd “hybrid”
method.

2. Three-Prior-Month Method for Evaluating Antecedent Precipitation
2.1. Background

This method, commonly referred to as the “NRCS method,” has long been used for interpreting wetland signatures
on air photos (Figure 1). The method considers precipitation data from the three months prior to the date of interest
and weighs those data for length of time since the precipitation contributed to the water budget (Figure 2). Several
assumptions are made when using the method:

Rain was evenly distributed for the month of observation.

Three months is the proper length of time to evaluate antecedent precipitation even though hydrologic
systems vary considerably in their “lag time.”

Snowmelt contributes to wetland hydrology in the same way as rainfall.

Figure 1: Examples of aerial images showing wetland hydrology signatures.
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The method can be used in two ways:

With the tool available on State Climatology Office website. For older observation or photo dates, the
procedure is completely automated on the website. The tool populates a table like Figure 2. It uses

geostatistical interpolation to derive precipitation data from surrounding gauge sites, thereby negating the

need to select the “closest” precipitation gauging station; and

Without the tool - manually or with a spreadsheet. There are several reasons you may need to do this - for
example for recent hydrologic observation dates for which the appropriate monthly precipitation data have
not yet been updated to the built-in tool. In this case you still make use of the data on the State Climatology

Office website, but you must put the precipitation data in a table yourself.

NRCS method - Rainfall Documentation Worksheet
Hydrology Tools for Wetland Determination EFH Chapter 19

Date

Soil Name
Photo/obs Date

1st Prior Month*
2nd Prior Month*
3rd Prior Month*

Weather Station | j+tle Falls

County Morrison

18-Sep-2014
WDCP Course -
Landowner/ Project Crane Meadows
State MN
Growing Season 5/13 - 9/20
15-Sep-2014
Long-term Rainfall Records
WETS 3 WETS 3 Condition Month | Product of
years in 10 years in 10 Dry, Wet, |Condition| Weight | Previous 2
Month less than | Normal | more than |Rainfall| Normal Value | Value | Columns
August 2.57| 3.46 4.03| 7.51|W 3 3 9
July 2.88| 3.58 4.27|] 3.53|N 2 2 4
June 3.46| 4.37 b.41| B5.71|W 3 1 3
*compared to photo/obs date Sum 16
Note: If sum is Condition value:
6-9 prior period has been Dry =1
drier than normal Normal =2
10- 14 prior period has been Wet =3
normal
15-18 prior period has been

wetter than normal

Figure 2: Completed Rainfall Documentation Worksheet for the Three-Prior-Month method, as used for photo

interpretation.

Minnesota Board of Water & Soil Resources ® www.bwsr.state.mn.us




Evaluating Antecedent Precipitation Conditions — May 2015 e Page 4

2.2.  Three-Prior-Month Method Using the State Climatology Office Monthly Precipitation Data
Retrieval Web Tool for Wetland Delineation

a. Go to http://climate.umn.edu . Select: | Retrieve Past Climate Data|

Minnesota Climatology Working Group *

State Climatology Office - DNR Division of Ecological and Water Resources  University of Minnesota

contact us | search |n

Quick Links Present Climate Conditions Latest Developments
- Gities Cli : . = New Seeley Book
Twin Cities Climate Data | Retrieve Past Climate Data | = Fep 25 Srow

s Feb 25 Snow
Mark Seeley's WeatherTalk : : : a Climatologist Vi
i gist Video
Climate Journal Sun_wmanes & Pubhcahons - VPR Climte Project
MNgage [report data] Agricultural Climate Data = February HydroClim
CoCoRaHS Related Web Sites = Feb 10 Snow
Daily NWS Climate Data = New Summary Tool
= Drought Monitor

Other Topics

Kuehnast Lecture Series
Climate Change

Islands in the Sun

view from Boundary Waters Web .Cam

Figure 3

b. Select: .

Recreation | Destinations | Mature | Education /safety | Licenses/ permits / regs.

Home > Nature > Climate > Retrieve Past Climate Data >

Past climate data

Create custom Past Climate Data for Minnesota

climate summaries

R Create Custom Climate Summary Tables

Monithl
m Create a Minnesota Climate Summary Table

Daily m Create a Minnesota Climate Summary Table
(version for Agricultural Statistics Service)
= Create a Minnesota Heating/ Cooling Degree Day Table

Houwrly

Storm Events

Data for Legal
Purposes

Data for Climate
Change Research

Figure 4
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c. Select: Monthly Precipitation Data from Gridded Database (for Wetland Delineators)

Recreation | Destinations | Nature | Education /safety | Licenses / permits / regs.

Home > Nature > Climate > Retrieve Past Climate Data >

Past climate data i i

ceatecusom cimate - PASt Climate Data for Minnesota
Annual and Seasonal Monthly Climate Data

Monthly = Monthly Precipitation Data from Gridded Database

Daily Monthly Precipitation Data from Gndded Database
for Wetland Delineators)

Hourly

Storm Events = Annual Summaries of Monthly Precipitation Totals by County

Data for Legal = Monthly MNGage Precipitation by Target Location

Purposes » Daily or Monthly MNGage Precipitation Data by Individual Observer
Data for Climate m di- MATE Climate Data Retrieval Tool

Change Research (Midwestern Regional Climate Center)

m State-Averaged and Division-Averaged Annual, Seasonal, and
Monthly Climate Data Time Series
(National Climatic Data Center - Oimate at a Glance)

Figure 5

d. Choose [select a wetland location.

Minnesota Climatology Working Group *

State Climatology Office - DNR Division of Ecological and Water Resources  University of Minnesota

home | current conditions | journal | past data | summaries | agriculture | other sites | contact us | search | n

Wetland Delineation Precipitation Data Retrieval from a Gridded
Database

Obtaining a long-term precipitation data time-series for wetland delineation efforts can be a difficult and
time-consuming process. Locating the nearest precipitation monitoring station to the wetland often proves
challenging. Once a nearby monitoring location is identified, retrieving the data, accounting for gaps in the
record, and generating the summary statistics can provide further challenges.

By offering access to "synthetic" data, this application assists users in overcoming some the challenges
inherent in assembling a precipitation data set. The synthetic data are made up of regularly-spaced grid nodes
whose values were calculated using data interpolated from Minnesota's outstanding, but spatially and temporally
irregular, precipitation data base. More information ...

[ select a wetland location | ]

Figure 6
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e. Click to continue to zoom in to your location. If desired, the map settings can be adjusted to display different
background layers, including USGS 1:24K topo maps at appropriate scales.

Select a wetland location

Click on rmap OR modify coordinate text and click on "update map" button.

Select by coordinates
Hutm futm
|412396 |s040313
|atitude langitude
|[4551084  [a4.12182
township range  section
|35 J30 |19
7P code

EEa04 update map

county-township-place
| ST L Cadal

Select a wetla
Click on map OR maodify ¢

nd location

oordinate text and click on "update map” button.

- Select by coordinates

Hutm *futm
|388288 5034434
latitude longitude
|45.45450  [94.42873
townshiprange  section
fres a0 e
ZIP code

i IEBSZD

update map |

Show: # maj
CREATE PRE

Show: “map ©
CREATE PRECIPI

Figure 7

Select a wetland location

Click on map OR modify coordinate text and click on "update map" button.

Cold Spring

Select by coordinates
_/,r—\_ Hutrn 387054 Yutrn 5035638
e FTTTEE

[5035263
s latitude longitude
T |asasi7e [a4.44753
oy v b
!tuwnshiprange section
Dles sn e

-~ b
/'/ & iZlPide update mﬂp|

hE3z0

county-township-place
[Steams-Wakefield-Cold Sp

on map click

pan zoom
Bt only in out
full state I o [OB &

pop-up map key |

Show: ® map © map settings

CREATE PRECIPITATION DATA TABLE | cancel location changes |

f.  When you’ve zoomed in to the desired location, click|CREATE PRECIPITATION DATA TABLE|.
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The result will be tables showing the range of normal monthly precipitation for the site based on Period-of-record
statistics, 1971-2000 summary statistics, and 1981-2010 summary statistics (Figure 8). These are derived by
geostatistical interpolation between precipitation data from surrounding gages. Below these is a year-to-year table
of monthly precipitation data for the site. These are derived from precipitation data from surrounding gage sites,
also using geostatistical interpolation techniques. They are color-coded for wet, normal, and dry months.

Precipitation data for target wetland location: To create a precipitation documentation worksheet using
county: Stearns township number: 123N USDA-NRCS methodology, select the date of the site visit or
township name: Wakefield range number: 30W aerial photograph and click on "create worksheet".

nearest community: Cold Spring  section number: 16 [ 2014 ~ July < 1 «  create worksheet | ]

precipitation totals are in inches

color key: multi-month totals:

total is in lowest 30th percentile of the period-of-record distribution WARM = warm season (May thru September)

total is == 30th and <= 70th percentile ANN = calendar year (January thru December)

fotal is in highest 30th percentile of the period-of-record distribution WAT = water year (Oct. previous year thru Sep. present year)

Period-of-Record Summary Statistics

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec WARM | ANN WAT

30% 042 0.32 0.84 148 222 3.07 227 2.31 1.80 1.05 0.57 0.34 13.76)] 2306 2271
70% 0.91 0.98 1.60 263 3.94 542 3.84 4.50 367 264 1.52 1.05 2015 29.03| 30.30
mean 0.75 0.75 1.38 221 3.30 4.34 3.37 3.57 2.84 1.98 1.21 0.77 1742 2641 26.50
1971-2000 Summary Statistics
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec WARM | ANN WAT

30% 0.46 0.30 1.1 115 2.41 3.36 276 2.88 205 1.21 0.78 0.37 16.83] 2522| 2522
70% 0.96 0.88 2.06 255 3.79 6.45 4.39 4.84 297 290 2.04 1.08 2128 31.51 32.1
mean 0.86 0.71 164 203 3.16 4.92 373 305 2.99 229 1.54 0.78 1874 2859 2866
1981-2010 Summary Statistics
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec WARM | ANN WAT

30% 042 0.32 118 1.30 215 3.33 276 281 225 127 062 0.41 16.12| 2535 2677
70% 0.83 098 1.91 287 361 589 430 461 415 333 203 1.32 2156 3417| 3188
mean 0.74 072 1.71 248 3.16 474 3.60 4.00 345 258 147 092 18.96| 29.59| 2940
Year-to-Year Data
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec WARM | ANN WAT
2014 1.10 1.14 0.94 424 6.10 6.90 152 553 241 0.49 22.46 3546
2013 0.36 124 211 342 519 574 255 1.30 244 432 027 0.99 1722 2972 2723
2012 0.45 1.05 1.86 263 77 4.08 261 125 013 075 1.07 127 1524 2432 2288
2011 099 123 199 230 536 444 922 471 078 116 023 026 2448 3264| 3809
2010 0.75 0.98 1.33 1.32 2.56 7.61 3.38 7.35 473 384 1.02 224 2563 3711 3916
2009 0.68 099 472 148 1.11 460 3.31 7.86 1.20 7.07 0.33 1.75 18.08| 3510[ 3262
Figure 8

g. To generate a completed Rainfall Documentation Worksheet using the Three-Prior-Month (“NRCS”) method,
select the date of the site visit or aerial photo, and then select ‘create worksheet|. The result will be two
Precipitation Documentation Worksheets, one using the 1971-2000 normal period and one using the 1981-
2010 normal period (Figure 9). There is a several-month delay in data entry for the monthly precipitation
data. To evaluate recent months you may need to use the procedure described in Section 2.3 below.

Unless specifically required by policy, use the 1981-2010 normal period.

Minnesota Board of Water & Soil Resources ® www.bwsr.state.mn.us
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Minnesota Climatology Working Group *

State Climatology Office - DNR Division of Ecological and Water Resources  University of Minnesota

home | current conditions | journal | past data | summaries | agriculture | other sites | contact us | search | n

Precipitation Worksheet Using Gridded Database

Precipitation data for target wetland location:

county: Stearns township number: 123N
township name: Wakefield range number: 30W
nearest community: Cold Spring section number: 16

Aerial photograph or site visit date:
Tuesday, July 01, 2014

Score using 1971-2000 normal period

o first prior month: second prior month: third prior month:
(values are in inches) June 2014 May 2014 April 2014
estimated precipitation total for this location: 6.90 6.10 424
there is a 30% chance this location will have less than: * 3.02 228 113
there is a 30% chance this location will have more than: * 5.95 373 2.47
type of month: dry normal wet wet wet wet
monthly score 3*3=9 2*3=6 1*3=3
6 o 9 (dry) Tl ?1".'.1‘;!”?2?'315 to 18 (wet) 18 (Wet)

Score using 1981-2010 normal period

L first prior month: second prior month: third prior month:
(values are in inches) June 2014 May 2014 April 2014
estimated precipitation total for this location: 6.90 6.10 424
there is a 30% chance this location will have less than: 2.91 226 1.38
there is a 30% chance this location will have more than: * 574 374 3.02
type of month: dry normal wet wet wet wet
monthly score 3*3=9 2*3=6 1*3=3
6 to 9 (dry) Tt ?]‘Tﬂ‘nrﬁniif"em to 18 (wet) 18 (Wet)

view USDA-NRCS WETS data for Stearns County

Figure 9: Resulting Precipitation Documentation worksheets.

Unless specifically required by policy, use the 1981-2010 normal period.

Minnesota Board of Water & Soil Resources ® www.bwsr.state.mn.us
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Three-Prior-Month method using the State Climatology Office monthly precipitation data
and Filling out the Rainfall Documentation Worksheet manually or with a spreadsheet

You may need to do this for recent observations, or if you want instead to use the USDA-NRCS WETS data rather
than the geostatistically-derived monthly range of normal precipitation.

a. Follow all the steps outlined in Section 2.2 above to get the normal monthly precipitation range information
for the three months prior to the observation date.

If you want to use the USDA-NRCS WETS data for the monthly range of normal precipitation rather than that
from the State Climatology Office, there is a link (view USDA-NRCS WETS data) at the bottom of the
precipitation documentation worksheets (Figure 9). Alternatively you can go to
http://www.wcc.nrcs.usda.gov/climate/wetlands.html .

b. Transfer the appropriate “normal range” numbers for the prior months to the appropriate boxes on a blank
Rainfall Documentation Worksheet —OR— use the [NRCS method] sheet in the Excel spreadsheet tool
available here: http://www.bwsr.state.mn.us/wetlands/wca/NRCS %20Hybrid Methods Spreadsheet.xls

c. Forrecent observations you will need to retrieve recent monthly precipitation data. From climate.umn.edu
Select: Retrieve Past Climate Data; then Select:| Monthly | as in Section 2.2 (Figures 3, 4).

d. There are several options for retrieving precipitation data. For data from the Minnesota Volunteer
Precipitation Observing Program (“MNGage”) Select: Monthly MNGage Precipitation by Target Location
(Figure 10).

Recreation | Destinations | Nature | Education /safety | Licenses / permits / regs.

Home > Nature > Climate > Retrieve Past Climate Data >

Past climate data i i
create custom cimate  Past Climate Data for Minnesota
Annual and Seasonal Monthly Climate Data
Monthly

m Monthly Precipitation Data from Gridded Database
Daily = Monthly Precipitation Data from Gridded Database
(for Wetland Delineators)

Hourly
s Annual Summaries of Monthly Precipitation Totals by County

Storm Evenis

Data for Legal = Monthly MNGage Precipitation by Target Location
Purposes = Daily or Monthly age Precipitation y Individual Observer
Data for Climate m di-MATE Climate Data Retrieval Tool
Change Research (Midwestern Regional Climate Center)
m State-Averaged and Division-Averaged Annual, Seasonal, and
Monthly Climate Data Time Series
(National Climatic Data Center - Cimate at 3 Glance)
Figure 10

e. Select \click to select target Iocation|. Zoom in to your site as described above. When you have the location
in the cross-hairs, click on DONE/return to application|.
Choose the year(s) and select ‘ retrieve monthly data| (Figure 11). Daily data are also available.

Minnesota Board of Water & Soil Resources ® www.bwsr.state.mn.us
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State Climatology Office - DNR Division of Ecological and Water Resources  University of Minnesota
|

home | current conditions | journal | past data | summaries | agriculture | other sites | contact us | search |

Nearest Station Precipitation Data Retrieval

Minnesota's precipitation data archive is searched for data closest to a selected target location for each month. Values from the
site closest to the target location are returned below after clicking the retrieve monthly data or retrieve daily data buttons. The
precipitation data are made up of measured rainfall and the measured liquid content of snowfall.

Temperature, snowfall, and snow depth data from National Weather Service reporting stations are no longer refrieved from
this application. To abtain those data, see our newest data retrieval tool (May 2014). National Weather Service precipitation data
continue to be available from this application.

Obtaining data for legal purposes
Guide for column headers in the data table

target location: Stearns-Wakefield-Cold Spring 123N 30W 516 (latitude: 45 46172 longitude: 94 44753)

’ click to selecttarget location ]

years: 2014 ~ to 2014 -

number of missing days allowed per month: 3

[[ retrieve monthly data ] retrieve daily data ]

results:

Target: T123 R30 516

mon year cc tttN rrW ss nnnn 00000000 pre (inches) dis
Jan 2014 73 123N 31w 2 SWCD . 4 mi.
Feb 2014 73 123N 31w 2 SWCD .38 4 mi.
Mar 2014 73 123N 30w 31 wsD .51 3 mi.
Apr 2014 73 123N 30w 31 wsSD 3.51 3 mi.
May 2014 73 123N 30w 31 WwSD 5.20 3 mi.
Jun 2014 73 123N 30w 31 wsD 8.12 3 mi.
Jul 2014 73 123N 30w 31 wSD 2.18 3 mi.
Aug 2014 73 123N 30w 31 wsD 4.90 3 mi.
Sep 2014 73 123N 30w 31 wsD 3.57 3 mi.
oct 2014 73 123N 30w 31 wsD .50 3 mi.
Nowv 2014 73 123N 30w 31 wsD .26 3 mi.
Dec 2014 73 123N 31w 2 SWCD .73 4 mi.

Figure 11

f. Transfer the precipitation data from the prior months of interest to the appropriate boxes on a blank Rainfall
Documentation Worksheet (Appendix).

OR:

Use the [NRCS method] sheet in the Excel spreadsheet tool available here:
www.bwsr.state.mn.us/wetlands/wca/NRCS %20Hybrid Methods Spreadsheet.xls (Figure 12).

Minnesota Board of Water & Soil Resources ® www.bwsr.state.mn.us
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A

B

C D E

F

G

H

NRCS method - Rainfall Documentation Worksheet Hydrology Tools for Wetland Determination

1 NRCS Engineering Field Handbook Chapter 19
2 Date 2/15/2015|Landowner/Project example
3 Weather Station Cold Spring, MN State MN
4 County Stearns| Growing Season 4/20 - 10115
5 Photo/obs Date 7/1/2014 Soil Name
6
shaded cells are Long-term rainfall statistics
locked or calculated (ﬁ'lom WETS table or State
Climatology Office)
30% 30% Condition Month | Product of
chance | chance Dry, Wet, | Condition | Weight | Previous 2
a8 Month < = Precip | Normal Value Value Columns
9 1st Prior Month* |June 3.02 5.95 6.90|W 3 3 9
10 2nd Prior Month* |May 2.28 3.73 6.10|W 3 2 6
11 3rd Prior Month* |April 1.13 2.47 4.24|\W 3 1 3
12 *compared to photo/observatior] date Sum 1

13 Note: If sum is

14 6-9 prior period has been drier Condition value:
15 than normal Dry =1

16 10-14 prior period has been normal D ?nnal =2

17 Wet =3

18 15-18 prior period has been wetter

19 than normal

20

21 Conclusions: prior period has been wetter than normal

Figure 12: Example application of Three-Prior-Month method using the Excel spreadsheet tool.

Minnesota Board of Water & Soil Resources ® www.bwsr.state.mn.us
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3. Method of Rolling Totals
3.1. Background

The Three-Prior-Month method compares actual precipitation with monthly ranges of normal. Precipitation patterns
within a particular month are not reflected in monthly totals. Monthly totals are reset to zero at the beginning of
each month and may not accurately reflect antecedent precipitation in the middle of the month. Because the period
of continuous inundation required for wetland hydrology is less than a month, it is often desirable to evaluate higher
frequency (daily) precipitation data.

The 30-day Rolling Total method is particularly useful. It involves summing the prior 30-day precipitation totals for
each day and plotting this “rolling total” on a daily basis. By overlaying a plot of the normal precipitation range on
the daily plot, you can evaluate whether antecedent precipitation was greater or less than normal throughout a
month rather than just at the beginning or end.

The method is especially easy using spreadsheet software and data from the State Climatology office. An example
Microsoft Excel spreadsheet (30Day_Rolling_Total_Spreadsheet.xls) is available here:
http://www.bwsr.state.mn.us/wetlands/wca/30Day Rolling Total Spreadsheet.xls .

A spreadsheet such as this can be used as a template by cutting and pasting data into the appropriate spreadsheet
cells. This guidance is geared toward web-available data and Microsoft Excel®. Other spreadsheet programs will
work but the format of commands and formulas will be different.

3.2.  Procedure
The 30-day rolling totals procedure consists of these basic steps:
Get daily precipitation data and monthly ranges of normal for your site from the State Climatology office.
Put the data into appropriate places in a spreadsheet.
Calculate and plot 30-day rolling totals for the time period of interest.
Plot monthly ranges of normal on the plot of 30-day rolling totals.

Compare the rolling 30-day sums to the monthly ranges of normal to determine whether antecedent
precipitation was within the range of normal.

3.2.1. Get Precipitation Data

a. From climate.umn.edu Select: Retrieve Past Climate Data; then Select: Daily. For data from the Minnesota
Volunteer Precipitation Observing Program select: Daily MNGage Precipitation by Target Location (Figure 13).

Minnesota Board of Water & Soil Resources ® www.bwsr.state.mn.us
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Recreation | Destinations | Mature | Education /safety | Licenses / permits / regs.

Home > Mature > Climate > Retrieve Past Climate Data >

Past climate data ) _

aeate custom cimate  P@St Climate Data for Minnesota

summanes

Annual and Seasonal Da“y Climate Data

Monthly » Regularly Updated Day-to-Day Climate Data

Daily {daily tables for larger cities)

Hourly » Daily National Weather Service Temperature, Precipitation, Snowfall,

and Snow Depth Data
Storm Events | = Daily MNGage Precipitation by Target Location |
Data for Legal = Daily or Monthly age Precipitation Da Yy Individual Observer
Purposes = Daily CoCoRaHS Precipitation, Snowtfall, and Snow Depth Data
= CoCoRaHS Daily Reports

Data for Climate

Change Research » di- MATE Climate Data Retrieval Tool
(Midwestern Regional Climate Center)
= Climate Data Online
(Mational Climatic Data Center)
= Tabular Time-Series Data Listings for Various Communities
(Westem Regional Climate Center)

Figure 13

b. Select |c|ick to select target Iocation|. Zoom in to your site as described above. When you have the location in

the cross-hairs, click on |DONE/return to application|. Choose the year(s) and select |retrieve daily data|
(Figure 14).

Minnesota Board of Water & Soil Resources ® www.bwsr.state.mn.us



C.

Evaluating Antecedent Precipitation Conditions — May 2015 ¢ Page 14

State Climatology Office - DMR Division of Ecological and Water Resources  University of Minnesota

S
home | current conditions | journal | past data | summaries | agriculture | other sites | contact us | search | n

Nearest Station Precipitation Data Retrieval

Minnesota's precipitation data archive is searched for data closest to a selected target location for each month. Values from the site closest
to the target location are returned below after clicking the retrieve monthly data or retrieve daily data buttons. The precipitation data are
made up of measured rainfall and the measured liquid content of snowfall.

Temperature, snowfall, and snow depth data from National Weather Service reporting stations are no longer retrieved from this
application. To abtain those data, see our newest data retrieval tool (May 2014). National Weather Service precipitation data continue to be
available from this application.

Obtaining data for legal purposes
Guide for column headers in the data table

target location: Steamns-Wakefield-Cold Spring 123N 30W S16 (latitude: 45.46172 longitude: 94 44753)

[ click to selecttarget location ]

years: 2014 - to 2014 -

number of missing days allowed per month: 3

’ retrieve monthly data m retrieve daily data ] ]
&

Figure 14

The data will appear on the bottom of the screen. Highlight the data you want and copy, and paste it into the
spreadsheet (Figure 15).
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| |

A B | Cc |
162|Jun 1, 2014 1.68B 73 123N 30w 31 WSD
Jun 3‘ 2014 0 153|Jun 2, 2014 .34

154 un 3, 2014 0

B Jun 4, 2014 0

B Jun 5, 2014 0

1567 |Jun 6, 2014 .16

158 Jun 7, 2014 .49

Jun_ 9, 2014 0 159 Jun &, 2014 0

160 Jun_ 9, 2014 0

161|Jun 10, 2014 0

Jun 12, 2014 .54 12?;“" . 204 ¢

164 Jun 13, 2014 0

J65 Jun 14, 2014 .24
166/Jun 15, 2014 2.20
167 Jun 16, 2014 . 38
168 Jun 17, 2014 .15

L]

un 15, 2014 2.
un 16, 2014 .
un 17, 2014 .

[
[WE) 1)
col =

(]
HI
LN

Jun 18, 2014 .15
— 169 Jun 18, 2014 .15

Jun 19, 2014 .70
170 Jun 19, 2014 .76

Jun 20, 2014 0
Tun 71, 014 0 171 Jun 20, 2014 0
: 172/ Jun 21, 2014 0

[
=
[

un 22, 2014 .

173 Jun 22, 2014 .02

Jun 23, 2014 .06
174 Jun 23, 2014 .06

Jun 24, 2014 0
175 Jun 24, 2014 0

Jun 25, 2014 0
Tun 26 2014 0 176/ Jun 25, 2014 0
: 177 |Jun 26, 2014 0

L]

un 27, 2014 .
un 28, 2014 .

[
| =3

176|Jun 27, 2014 . 56
179|Jun 28, 2014 . 36

[
LJ
=)

_:un gg ggﬂ -03 180 Jun 29, 2014 .03
4 181 Jun 30, 2014 0

.1 I

Figure 15: Copying resulting daily precipitation data into spreadsheet

d. Do a “text-to-columns” conversion. In Excel, highlight the entire column containing the pasted data. Select
“Data”, then “Text to Columns”. Choose “Fixed Width.” Then use break lines to delineate 2 columns, one for
date and one for precipitation (Figure 16).

e. Change the “Column data format” for the date column to “Date: MDY.” The column data format for the data
after the precipitation column can be set to “skip” (Figure 16).
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Home Insert Page Layout Farmulas Reyja View Developer Acrobat [ e o ER
y _g;] Connections ﬁl ﬁ ]? X e =~ % croup~ =
Er Z - B
T Lt Fa ¥ Ungroup =~ &2
Get External £] Sort Fitter Remave : =
Data ~ & J? Advanced\ Cglumns/uplicates =P 4 subtotal
Connections Sort & Filter Data Tools Outline
Al52 hd £ | Jun 1, 2014 1.68 73 123N 30W 31 WsD 812 3 mi. v
A B C D E F G H | J :
1562|3un 1, 2014 1.68 {2 123N 20w 31 wsD §.12
153(Jun 2, 2014 .34 p .
154|Jun 3, 2014 0 Convert Text to Columns Wizard - Step 1 of 3 | 2 [l
155(Jun 4, 2014 0 i, ] __ -
156|3un 5, 2014 0 The Text Wizard has determined that your data is Fixed Width.
167 |3un 6, 2014 .16 If this is correct, choose Next, or choose the data type that best describes your data.
158|Jun 7 , 2014 .49 Criginal data type
_1 53]3un &, 2014 o Choose the file type that best describes your data:
_1 60JJun 9, 2014 0 F imi - Characters such as commas or tabs separate each field.
—1 61fyun 10, 2014 L ields are aligned in colurmns with spaces between each field.
162|Jun 11, 2014 0
163|Jun 12, 2014 .54 r 5
164|Jun 13, 2014 0 Convert Text to Columns Wizard - Step 2 of 3 I. ? ﬁ]
% jun 11 ! 331: H : ;g This screen lets you set field widths (column breaks).
un - - - S
il : S Lines with arrows signify a column break.
167|7un 16, 2014 .38 Preview of selected d
168|7un 17. 2014 15 To CREATE a break line, dick at the desired position.
169|7un 18 ! 2014 15 To DELETE a break line, double dick on the line.
—1 70|3un 19, 2014 76 To MOVE a break line, dick and drag it.
171)3un 20, 2014 0
172(Jun 21, 2014 0
173|3un 22, 2014 .02
174 (Jun 23, 2014 .08 |
M 4k b daily precip NoOrme Data preview
Ready | 1 | — L . b . i . G . il . B . g0 .
an 1, 2014 0 73 1Z3W 31W 2 SWCD -8l &
an 2, Z014 i
an 3, 2014 i bl
an 4, Z014 i
an 5, 2014 i =
1| m k
Convert Text to Columns Wizard - Step 3 of 3 [ 2 -Eh] | ’ -
Eini
This screen lets you select each column and set the Data Format.

Column data format

_) General
. ‘General' converts numeric values to numbers, date values to
(0 Text dates, and all remaining values to text,

Jone: o[

(@) Do not import column (skip):

Destination: | §AS1

Data preview

2014
z014
z014
2014
2014

]
m
=]
e La R

L]
m
=]
[l

Cancel l[ < Back

Figure 16:
Text-to-columns conversion

Minnesota Board of Water & Soil Resources ® www.bwsr.state.mn.us




3.2.2.

a.

b.

Evaluating Antecedent Precipitation Conditions — May 2015 ¢ Page 17

You now have a two-column spreadsheet. For
ease of use, insert a new row at the top and
label the columns. Then go to the 1st column,
2nd row and click “Window” > “Freeze panes.”
Also, use “Edit-Find-Replace” to replace all the

‘T’ values in the precipitation column with zeros.

Create a third column and label it “30-day
rolling total”. The value in this column for each
day will be the sum of the precipitation
amounts for that day and the preceding 29
days. The calculation is easily automated in the
spreadsheet by copying and pasting the first
instance of the formula into the other rows of
the third column. An example Microsoft Excel
formula is =SUM(B153:B182). It is also helpful
to create a monthly total precipitation column
by totaling the daily precipitation values for
each month (Figure 17).

Get Normal Monthly Precipitation Range Data

Follow all the steps outlined in Section 2.2
above to get the normal monthly
precipitation range information for the
location.

If you want instead to use the USDA-NRCS
WETS data for the monthly range of normal
precipitation rather than that from the State
Climatology Office, there is a link (view USDA-
NRCS WETS data) at the bottom of the
precipitation documentation worksheets
(Figure 9). Alternatively you can go to
www.wcc.nrcs.usda.gov/climate/wetlands .

Transfer the appropriate “normal range”
values (Figure 8) for the months of interest to
the spreadsheet. For ease of use put the data
in a new spreadsheet tab. Create another
column with the last dates of the month for
the months of interest. Why the last dates?
We will be plotting the ranges of normal for
each month at the end of that particular
month, rather than the beginning or middle,
because the range of normal is for the
preceding 28/29, 30, or 31 days of the month
(Figure 18).

c182 - fe | =5UM(B153:B182)
Izﬂf.: _Rolling_Total_Spreadsheet.xls = =] 3
A B C D E
30-day
rolling  monthly
1 Date Precip total precip
150 29-May-14 07 459
151 30-May-14 0" 451
152 31-may-14 069" 518" 5.20
153 1-Jun-14 168] 686
164 2-Jun-14| 034 720
155 3-Jun-14 of 7.20
156 4-Jun-14 of 7.20
157 5-Jun-14 of 7.20
158 6-Jun-14| 0.16] 7.36
159 7-Jun-14| 049] 727
160 8-3Jun-14 of 627
161 9-Jun-14 of 627
162 10-3Jun-14 of 617
163 11-3Jun-14 0f 568
164 12-Jun-14| 054] 6.08
165 13-3Jun-14 of 6.08
166 14-Jun-14| 024[ £.32
167 15-Jun-14| 22 852
168 16-Jun-14| 038] 890
169 17-Jun-14| 0.15] 9.05
170 18-3Jun-14| 015 920
171 19-Jun-14| 076[ 843
172 20-3Jun-14 of 843
173 21-Jun-14 0f 843
174 22-3un-14| 0.02[ 845
175 23-Jun-14| 006[ 851
176 24-Jun-14 0f 851
177 25-3Jun-14 of 851
178 26-Jun-14 0f 786
179 27-Jun-14| 056 842
180 28-Jun-14| 036] 878
181 29-Jun-14| 0.03[ 8.81
182 30-Jun-14 0 812 812
Figure 17
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Iz_l] 30Day_Rolling_Total_Spreadsheet.xdsx X3
A B C D BEF |G| H | J K L M o

0%  30% 3
chance chance

1 month date < = 1981-2010 Summary Statistics from State Climatology web site:

2 \Jan 131114 041 0.83 Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec

3 Feb 272814 0.32 0.98 J20% o041 032 118 1.3 215 333 276 281 225 127 082 0.4

4 Mar 34 1.18 1.91 |70% 083 058 191 287 361 588 43 461 415 333 203 1.32 1

5 Apr 4/30/14 13 287 3

6 May 53114 214 3.61

7 Jun Gra0r14 3.33 5.88

g Jul TIa1r14 276 4.3

9 Aug 83114 2.81 4.61

10 | Sep ara0r14 2.25 415 | 4

11 |Oct 1031714 1.27 3.33

12 |Nov 11/30/14 0.62 2.03

13 |Dec 12/31/114 0.41 132 i

I daily precip | normal monthly precip range .~ Chart1[i] 4 | Iy b [].:

Figure 18

3.2.3. Plot the Data

There are many options for plotting and many ways to approach formatting dates, curves, axes, etc. Here are the
basics, assuming some familiarity creating graphs using spreadsheet software. These directions are based on

Microsoft Excel ®; other spreadsheet or graphing programs will have different formatting of commands.

Create an X-Y (Scatter) plot with date as the X-axis and precipitation as the Y.

Select the source data (Figure 19). The source data series will be:

30-day rolling total plotted as a curve (column ‘C’ against column ‘A’, Figure 17)
Upper and lower boundaries of the range of normal, plotted at the end of each month as lines (Columns

‘C’ and ‘D’ against column ‘B’ in Figure 18).

Don't forget to format the X and Y axes, specifying maximum, minimum, and units for each so that the
desired data plot the way you want!

It is also helpful to plot:

Daily precipitation “spike graph” to provide details of the distribution of rainfall within the months of

interest (column ‘B’ against column ‘A’, Figure 17).

Monthly precipitation totals as points (column ‘D’ against column ‘A’, Figure 17).
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-

-
Select Data Source m
Chart data range:
The data range is too complex to be displayed. If a new range is selected, it will replace all of the series in the Series
panel,
J/}’: j Switch Row,/Column I:l\L
Legend Entries (Series) Haorizontal {Category) Axis Labels
[ 5 Add ][ £ Edit ” ¥ Remove ]E]E Edt | . mw
Edit Sernes
manthly precp 1/1f14
30d rolling total 1/3/14 = daily precip
dry 1jaf14 Series X values:
t 5/14
e il ='daily predp’| SAS2: 548152 = 1-Jan-14, 2-Ja...
[ Hidden and Empty Cells ] Series ¥ values:
—'daily precp’| $862: 685182 =0,0,0,0,0,.
Figure 19: Selecting source data ok | [ cancel
i ™
Format Axis m
pRaT— Axis Options
Murmber Minimum: ) anto @ Fixed |3/31/14
Fill Maximum: (%) auto @ Fixed |7/1/14
Line Calor Major unit: ) Auto @ Fixed |15.0
Line Style Minar unit: ) Autp @ Fixed 1.0
[7] values in reverse arder
Shadow

[[] Logarithmic scale  Base: |10
Glow and Soft Edges

() Maximurn axis value

Display units: | Mone El
3D Format Show display units label on chart
Alignment Major tick mark type: | OQutside EI
Minor tick mark type: | Outside EI
Axis labels: Mext to Axis EI
Vertical axis crosses:
@ Automatic
) Axisvalue: |41729.0

Figure 20: Formatting Axes.
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10
g A

8 ( \—’\u

30 - day rolling total | “ﬁ___\ ~—N\ ]

; RURW
W

normal
precip range

0

Daily and monthly total precipitation (inches)
w
--_'-‘—\—u_

......l...l 1l

.I.l I::l ——

I

313114 4/15/14 4/30/14 5115114 53014 6/14/14 6/29/14

© monthly precip - daily precip ——30d rolling total

Figure 21:
Resulting plot of 30-Day Rolling Total of Precipitation, Daily and Monthly Precipitation, and Range of Normal.

3.2.4. Determine Whether Precipitation Was Within Range of Normal

Deviation from the range of normal precipitation is determined by using the superimposed plots of 30-day rolling
totals and ranges of normal precipitation for the period of interest (Figure 21). Including daily precipitation data on
the plot helps show how the 30-day rolling totals evolved.

In the example in Figure 21, we see that in 2014, rainfall events at the end of April caused the 30-day total to rise
from below normal to well above normal.

The strength of the method of 30-day rolling totals can be seen by comparing it to the monthly totals. The monthly
totals indicate that April was significantly wetter than normal. However, the more detailed method of 30-day rolling
totals detected that the heavy rains did not occur until the end of April. Detailed knowledge of rainfall distributions
in early- to mid-April could have been important as that is at the beginning of the regulatory growing season
(Sprecher and Warne, 2000).

3.3. Remarks on the Method

The method of 30-day rolling totals provides a more accurate assessment of antecedent moisture conditions at a site
than do monthly totals, which artificially zero rainfall totals at the beginning of each month. However, the method of
rolling sums also artificially zeroes rainfall after 30 days (Sprecher and Warne, 2000).
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Note in Figure 21 that 30-day rolling precipitation total makes a sudden drop in late May. This is a direct
consequence of the method of calculating a 30-day rolling sum. A large input remains within the rolling sum for
exactly 30 days, and then abruptly drops out of the rolling total.

In loamy and finer textured soils, changes in water tables are unlikely to be so abrupt.

Rolling totals are often used to track the influence of antecedent precipitation on water levels in monitoring wells.
This works because each well reading can be compared to an updated tally of antecedent precipitation (Sprecher and
Warne, 2000).

4. Combining the 30-Day Rolling Total and Three-Prior-Month Methods:
“Hybrid Method”

The 30-Day Rolling Total and Three-Prior-Month methods can be effectively combined. This is particularly useful
when the observation date or date of interest falls later in the month — in this case the Three-Prior-Month method
alone would ignore the precipitation in the early part of the month.

a. On the plot of 30-day rolling totals, mark off 30-day blocks starting backward from the observation date or
date of interest (Figure 22).

9
| 3rd Prior 30 Days | 2nd Prior 30 Days ||| 1st Prior 30 Days
8
= 2
2]
£
e S"‘ 2
.E nv‘\ E
[=]
E \V
a4
[X]
e
a3
ormal
recip range
2
1
0 ArrieFelmrirrm T e .-Tﬁﬁ .h-j? SN N N S, - e
T1/14 7/16/14 7731114 8/15/14 8/30/14 9/14/14 9/29/14 10/14/14 10/29/14

© monthly precip = daily precip ——30d rolling total

Figure 22: Three 30-day periods prior to the observation date or October 15, 2014.

b. Decide whether the 30-day blocks reflect normal, drier than normal, or wetter than normal precipitation by
comparing the 30-day rolling totals with the ranges of monthly normal. This will require professional
judgment!

c. Record your decisions for the 30-day blocks in the Rainfall Documentation Worksheet in the column labeled
“Condition dry, wet, normal” (Figure 2). Use these decisions to complete the Three-Prior-Month method as
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described above. The [Hybrid method] sheet in the Excel spreadsheet available here:
www.bwsr.state.mn.us/wetlands/wca/NRCS %20Hybrid Methods Spreadsheet.xls

automates the calculation- requiring inputs to the “Condition dry, wet, norma

day periods (Figure 23).

column for the 3 prior 30-

A B C D F G H J N
1 "Hybrid" method ERDC/EL TR - WRAP 00 - 01
2 Date 2/15/2015 Landowner/Project example
3 Weather Station Cold Spring, MN State MN
4 County Stearns Growing Season 4/20 - 10115
5 Photo/obs Date 10/15/2014 Soil Name
6
Condition Period | Product of =
Dry, Wet, | Condition |Weight| Previous 2
7 Prior Period Normal Value Value | Columns
8 1st prior 30 days N 2 3 6
9 2nd prior 30 days W 3 2 6
10 3rd prior 30 days D 1 1 1
11 *compared to photo/obs date Sumn 13
12
13 Note: If sum is
14 6-9 prior period has been Condition value:
15 drier than normal Dry =1
16 10-14  prior period has been Nortmal =2
17 normal Wet =3
18 15-18  prior period has been
19 wetter than normal
21
22 Conclusions: prior period has been normal
23 '
M4 4 » M| NRCS method | Hybrid method %3 [I] 4 » [1I].:

Figure 23: Example Application of Hybrid Method Using the Excel Spreadsheet Tool

The “Hybrid Method” may rate the three-months’ precipitation prior to the observation date differently than the
Three-Prior-Month method, depending on professional judgment. The difference is the ability to calculate 30-day
increments starting on any date rather than only at the beginning of the calendar month.
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5. Observation on Assessments of Antecedent Precipitation
(Sprecher and Warne, 2000)

Using the Normal Monthly Precipitation Range data alone is quickest and OK for simple generalizations about
long-term trends.

The simple method of 30-day rolling totals is readily used with long sets of monitoring well data because of
ease of plotting information. These plots, when superimposed on a daily precipitation spike graph, provide a
powerful tool for explaining water well fluctuations.

The hybrid method is useful for making decisions regarding individual dates of observation at a site.
Whenever feasible, the monthly analyses should be interpreted using the daily data from which the monthly
summaries were aggregated.

The Three-Prior-Month and rolling total methods can be used in conjunction with indices of longer term
hydrologic input, such as the Palmer drought indices.

The Normal Monthly Precipitation Range data evaluate the range of normal precipitation in monthly
increments. Antecedent precipitation probably does not affect wetland hydrology in monthly or 30-day
increments.

Antecedent precipitation is only one part of the water budget. The other parts of the water budget need to
be considered when interpreting observed levels of ground or surface water.

The duration of impact of antecedent precipitation typically varies with the seasons. In the early spring, when
evapotranspiration (ET) is low, there is probably a longer duration impact of prior precipitation than later in
the summer when ET is high.

The duration of influence of antecedent precipitation on wetland hydrology can be quite site-specific. NRCS
hydrologists chose three months as a reasonable length of time to evaluate antecedent precipitation for
Food Security Act programs. In the absence of site-specific information to the contrary, three months
preceding a date of site monitoring seems to be a reasonable length of time to evaluate whether
precipitation was within the range of normal.

There is no way to remove professional judgment in borderline situations. The limits of the range of normal
(30th and 70th percentiles) are themselves professional judgments. Moreover, when antecedent
precipitation levels are close to thresholds of normal, uncertainties about other parts of the water budget
become major considerations.

6. References

Sprecher, S.W. and Andrew G. Warne, A.G., 2000. Accessing and Using Meteorological Data to Evaluate
Wetland Hydrology. WRAP Technical Notes Collection, ERDC/EL TR-WRAP-00-1. U.S. Army Engineer Research
and Development Center, Vicksburg, MS.

(http://el.erdc.usace.army.mil/elpubs/pdf/wrap00-1/wrap00-1.pdf )

Natural Resources Conservation Service, 1997. Hydrology tools for wetland determination. Chapter 19,
Engineering field handbook. D. E. Woodward, ed. USDA-NRCS, Fort Worth, TX.
(http://www.info.usda.gov/CED/ftp/CED/EFH-Ch19.pdf)

Minnesota Board of Water & Soil Resources ® www.bwsr.state.mn.us


http://el.erdc.usace.army.mil/elpubs/pdf/wrap00-1/wrap00-1.pdf
http://www.info.usda.gov/CED/ftp/CED/EFH-Ch19.pdf

	1. Introduction
	2. Three-Prior-Month Method for Evaluating Antecedent Precipitation
	2.1. Background
	2.2. Three-Prior-Month Method Using the State Climatology Office Monthly Precipitation Data Retrieval Web Tool for Wetland Delineation
	2.3. Three-Prior-Month method using the State Climatology Office monthly precipitation data and Filling out the Rainfall Documentation Worksheet manually or with a spreadsheet
	3. Method of Rolling Totals
	3.1. Background
	3.2. Procedure
	3.2.1. Get Precipitation Data
	3.2.2. Get Normal Monthly Precipitation Range Data
	3.2.3. Plot the Data
	3.2.4. Determine Whether Precipitation Was Within Range of Normal
	3.3. Remarks on the Method
	4. Combining the 30-Day Rolling Total and Three-Prior-Month Methods: “Hybrid Method”
	5. Observation on Assessments of Antecedent Precipitation (Sprecher and Warne, 2000)
	6. References

