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Point-by-point response to the reviews

Response to Anonymous Referee §lsomments:

OVERVIEW

This paper presents an impressive compilation of data from the Marmot Creek R&sesimofMCRB)
from two separate periods, the first being 1962 to 1986ttengdecond from 2005 onward. The research
site has been subject to numerous studiesyiew of which is provided in the introduction, which is both
interesting to readnd potentially helpful for authors of future studies. The data description is detaile
Table 2 provides a nice example of meta data available for the more recent instrumertatioortal
that hosts the datasets is straight forward to use, and files aredmagiliopaded after two, three mouse
clicks.

Overall, a nice and thorough pretaion. | see one important shortcoming. Butodifler comments and
suggestions are either minor and/or a matter of taste.

Response: Thanks reviewer #1 for the overview comment. It is encouraging to hear that when trying to

assemble data collected at mastgitions and from different periods.

MAJOR COMMENT

If this data is disseminated to allow users "developing hydrological process understandingting

process algorithms and hydrological, cryospheric or atmospheric mdtetsiye need more informati

about the catchment itself. While a DEM mightdaesily available to most potential users of this data,

how are they supposed to infotheir models, e.g., about canopy processes? The data compilation seems
incompletewithout detailed information abowariables such as LAI and canopy closure, in particular
given that MCRB was subject to forest management experiments. Therei® afgormation whether

the clearings are maintained to remain open or if they are overdmpwow.

ResponseTo keep this paper concise, we presented sections listing relevant graduate student theses and
a website storing publications (e.g reports, pesriew journal articles) for Marmot Creek Research
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Basin which contain many details on the basin. To fulgcdiee the basin we have added a DEM and
digital forest cover map for the basin and have mentioned this in new sentences Section 2 Site Description.
We have added information in the Section 2 Site Description on the current status of the old forest
clearings and cleaicut blocks, which have regrown as sparse juvenile forests to varying degrees .
Further, "Snow survey data [were] collected from transects near the recent meteorclagjicat".

Given the images in Figure 3fcthese data could be colted insidethe clearing, in the forest, or across

the forest edge. But without having more detailddrmation it is difficult to use the snow course data

for model validation purposes.

| am sure these information are available in one or several of tiegtions cited inthe manuscript
(maybe Hopkinson?). But as a evergually finding ovimal heedva n t
Similar consideration go with soil data.

| guess this shortcoming is easy to fix, but | would ask the authors teseahgimanuscript from the
perspective of a modeler who is unfamiliar with the site and doeknow how to access auxiliary data
needed to set up a meaningful model application.

Response: | n t he dat as eStation_Shapefiee fiod d ear wB pravide tah a t
fiRecent_snow_survey_transéctsf ol der i ncluding GI'S shapefiles
With the shapefiles, users can view the transects in GIS software and find the location of transects when
using snow survey for model valtdm purpose. In addition, the recent snow survey data contains field

notes on weather condition and landcover information of each snow survey transect, and they are readily

to users. We added a descri pti on readersdfuetbaeimt snow

addition to snow depth, density and snow water equivalent, snow survey data contains field notes on the
land cover of the snow survey transect.

Regarding on soil data information, aPhdDethesis | ed

in 1969. The thesis has soil data information for several sites at Marmot Creek and the thesis can be

downloaded from website link we provided in publication link.

MINOR COMMENTS AND SUGGESTIONS, reference is given to [page / line numbe

[2 1 4-7] split this sentence into two.

t

f

S

(o]

(o]

i

read them al
al | recent
survey databo

survey dat
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ResponseYes, it is split into two sentences.

[2 7 11] refer to Figure 1.

ResponseiYes, a reference to Figure 1 is added in the sentence.

[3/12-14] please move this sentence to the above section with ttaurereview.
This paragraph here should describe the content of this paper only.
ResponseThis sentence shows examples of studies that have already used the dataset, and we think it is
better in this paragraph than the previous paragraph that providaslly literature on recent research
activities at Marmot Creek.

[4/23] it might be useful to mention what percentage of the data had to be refwhieidseems a fairly

basic descriptor of a dataset).

Response:In the quality control (QC) procedure, wesed a script that does QC removal based on
threshold values. In this script, the removed data and missing data in raw data are both flagged as
9999, and the value©999 is used by subsequent QC scripts. It is not easy to calculate the percentage
with current QC scripts. However, reviewer provided a valuable comment, and we will incorporate this
into QC scripts for the future data cleanup work.

[4/27] modelers use different time steps for their models. So | would not necessliripurly data
"modelling data".

ResponseThe modelling data we provided is in hourly time step. We wrote it to inform users and readers
that modelling data is hourly and is the average from thenirfute QC data, and the missing data in QC

is filled for the hourly madelling data.

[5/1] are these gafilled data identifiable? If so by what means?

ResponseThe gagfilled data are identifiable. We provided the hourly modelling data that is the average
from the 15minute QC data. The hourly modelling data isgifipd, and the 18ninute QC data is the

data with gap, with denoted value-8899.

[5/9] apart from gap filling, | am not sure "estimated data" should be included oiethisissembly.
Responseles, this is the hourly modelling data that used to forcingefting project at Marmot Creek.

The modelling project requires data from several stations at the same time periods, thus we estimated the

data for these two stations for the time periods before their establishment. We provided thip wwrite
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thispargr aph to inform users that they are fiesti mated?o

use the data or not.

[5/19] ventilated? radiation shield?

ResponseiYes, they are naturally ventilated Gill radiation shields. This is added to the sentence.

[6/9] what is "due to the length of measurement” supposed to mean?

ResponseWe reworded it. Hourly modelling of incoming solar radiation is not provided for Vista View
station due to the short length of measurement.

[7/16] I would go by the same ordes the previous section. Recent data first, histatiesd. Orthe other

way around, but be consistent.

Response:Yes, we changed the order and placed the recent snow survey data first and then historical
show survey data.

[8/4] and [8/20] some info othe discharge measurements should be added. Is thendrmaum capacity

of the \-notch? Until what flow level is the streamflow data safeide, the rating curve established,
respectively? Was the stationarity of the rating cunanitored? Looking at Fige 3, more info is
certainly needed.

Responsethis \Lnotch weir is described in detail as an example of a-gaaliged stream in Bruce and

Clark (1965)Introduction to Hydrometeorology It was operated by the Water Survey of Canada
according to nationaktandards which include periodic updating of the rating curve. Its capacity was
never exceeded by discharge until it was destroyed in the flood event of June 2013, where it was filled
with debris and the channel diverted to flow beside the weir. Thelpnst2013 streamflow discharge

data is calculated from rating curves developed by the University of Saskatchewan that are frequently
checked by manual measurements throughout the spring, summer and fall. We added a sentence to clarify
this.

[8/23] replae "after 2012" by "in June 2013".

ResponseiYes, we replaced it as suggested.

[10/8] consider merging sections 9 and 10.

ResponseYes, we merged these two sections.

mo d e |

ng

d



10

15

20

25

Response to Anonymous Refere#6cemments:

GENERAL COMMENTS

This manuscript descis two longterm datasets, (1) a historical time period (19687) and (2) a
modern time period (2002016), from the Marmot Creek ReseaBzsin in the Canadian Rockies. These
data provide mucineeded insight to changingeather patterns in northern highitude regions, and
could easily be used to performnumber of important modeling and climate sensitivity studies. The
aut hor s 6 ofdhe datagets is domcisaand coherent, and the paper is structured in a makelsat

it easy to read. lecanmend this manuscript to Ipeiblished once these min@visions detailed below

are addressed.

1. Since this seems to be the defining hydrometeorological dataset for the M@RBIdtbe helpful if
some of the spatial information necessanyigidrological analysief the basin werealivered alongside.
Then any researcher looking to use these ftata spatial modeling study would not have to look
elsewhere and derive their odigital elevation models, vegetation masks, basin masks, stréaorke,

etc.

Response:We have added spatial information for MCRBpecifically a DEM, vegetation masks and
basin masks and stream networks derived from the DEM to a Basin_GIS folder on the FRDR site.

2. The README.txt file contains a huge amount dbimation about the individudlles. However,
much of the information is repeated ad nauseum making this REAfidd/Emost impossible to navigate.

My suggestion would be to remove the repeatéarmation and/or consider using markdown language
to make lhe information easign comb through.

ResponseWe publish and deposit the dataset tofkderated Research Data Reposit@fRDR). The
README file serves as a metadata and the huge amount of information about individual files is required
by FRDR accating to its regulations and protocols. The information about individual files seems
repetitive, but it is used to provide metadata for each file under different folder, and it is organized in the
way sanctioned by FRDR.
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3. The figures and tables includit¢e description information, but the dataset itself tasnention of

these important metadata. A brief paragraph within the README discribing where this site
information is located would be very helpful.

Response The figure and table used for site descriptions are to provide readers information on station
location, land cover and elevation of basin when readers plan to use data. The README file is used to
document metadata information for the data we publishFederated Research Data Repository
according to its regulation and protocol. The paper supplements the README file, but the README
file is not to describe the paper. The information used for the site description figure and table was derived
from many reent publications which detalil this. And it is available in the basin DEM and vegetation
cover maps which are now published with this paper.

4. The purpose of thpublication_9-201810-16-22-08-40-sha256sums.txt file within the dataset
folder is not aparent.

ResponseWe do not own this file. This file is automatically generated bif¢derated Research Data
RepositoryFRDR) when the dataset is published. It is a record file from FRDR.

5. There are a great deal of acronyms in this manuscriptppenalix listing theacronym definitions just
before the References section would help some of thefliggiag and searching.

ResponseYes, we added an appendix show a list of acronym before the References section.
SPECIFIC COMMENTS

pg. 2, line 24 AEP is not previously defined.

ResponseYes, we added the definition for AEP.

pg. 3, Site description sectierThis section is all one paragraph but could benefit foeing split into

two, three, or even four individual paragraphs.

ResponseYes, we sglithe site description into four paragraphs.

pg. 6, line 4 | have to question these reported wind speed measurements. Figpadliieations of the

R.M. Young 05305 anemometer, the threshold sensitivity ofnteument is 0.4 m/s. The wind speeds

in the sheltered sites seem to be belowntt@asurement threshold that the sensor can measure. In my
experience, wind speetieasurements should be capped at a lower limit of around 0.4 m/s due to

limitations of the internal bearings that cause inherent noisked data.
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Response:The reported values are the-fhater year average wind speed for wasltteltered stations.

The wind speeds were sampled at 10 s intervals, then averaged to 15 min. and these averaged values were

then averaged over 11 years. As maimtvinds are gusty, any averaged wind speed measurement will

contain information collected both above and below the stall speed of the anemometer. It would bias the

wind speed to cap the anemometer recordings at 0.4 m/s. For instance, the value ofi® ftam' the

Upper Forest station that is situated in a mature spruce forest, a very calm and sheltered site from wind.

From many field visits, the RM propeller was observed to be not turning, during which many 10 s

measurements of 0 m/s were recorded.

pg. 6, line 1115 - When calculating the mean incoming solar radiation, are nighttouesincluded?

ResponseYes, when calculating these-Water year average values, the nighttime hours are included.

We were just trying to provide some general desee information such as these-hter year averages

to readers. We did not include more complex analyses beyond that for this data paper that is used to

describedata collection method, data length and availability

pg. 7, line 2322 - The last sentae of this paragraph is unclear. When yousayet ai | e d

you just referring to occasional months with two measuremdiis Peader could also take that to mean

the data include individual heley-hole SWE measurements, which is mpoovided here.

Response:Y e s ,

by

fidet ai

| ed

survey

dat ao,

once per month. We added more description to this sentence to clarify that.

Figures 48 - Include some light gridlines in these plots make them esimymprehend.

ResponseiYes, we added light gridlines in Figure84

we me an

Figure 10- The data in each of these plots are not ftbm same stations, so | suggesiking them

different marker types and including a legend.

survey

Ssnow

Response:Yes, we used different marker types for data collected during historical and recent periods,

and we also included a legend.
TECHNICAL CORRECTIONS

pg.8,linel12Repl ace 06l ocati

ResponseYes,werdpaced 6|l ocat.i

pg. 11, line -6 .

Cdi

agnose

t he

ons

access challl

ons access chal

basi

n

response.

engesbd
|l engesd

. 6

wi t h
wi t h

dat ao,

ar e

survey dat a

6site

6si

t e

access
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ResponseYes, we corrected that.

Table 2- It seems that there are problems with the reported AGS of the incomingastitdion rowfor

the Upper Clearing Tower and Vista View columns. For instanee,]l ow t he O6Ki pp and Zonen CM21
Pyranometero6 there idi&eharngisrmgpudado dg,0 wleilolw Iwheks you have an
Response:For Upper Clearing Tower station, only incomisglar radiation and incoming longwave

radiation wer e measur ed at 20 m. So, the two 6206 bel ow i nco
|l ongwave radiation are just for t -measued dutgaing component s, and o&n/
components of solar and Igwave radiation at 20 m. Similarly, for Vista View station, only incoming

solar radiation was measured at 1.97 m, so the 061.976 below ths
rest of O nneas@redaadiationfcomponentst To make thierokear, in the variable name

column, we added AGS (m) below Incoming Solar Radiation and AGS (m) below Incoming Longwave

Radiation.
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A list of all relevant changes made in the manuscript

1. A brief description of availability of basin DEM, surface land cover maphsgin stream

network and sufbasin boundary GIS data in the datasets is add8ddtion 2 Site Description

This is response to reviewersd comments on basin spatial da
. Secton 2 Site Description is now split into four paragraphs.
comments.

. Sections 4.1 and 4.2 for snow survey data-srdered, the same goes to Sections 5.1 and 5.2

for streamflow dat a. T h inson being qoresistgnowitlts e t o revi ewer 16s c¢comm
presentation of data order.

. The previous Section 9 Relevant graduate student theses is now combined with new Section 9

Compilation of Marmot Creek Memories, Regthe Data and Publications.

. A new Section 11 Appendix: acronymtlis i s now added. This is response to reviewe

comments.

.Figures 4 to 8 and Figure 10 are revised according to revie
. Table 2 is edited for measurement height for radiation at Upper Clearing Tower and Vista View

stations to show heightfinor mat i on more cl ear |l y. This is response to revi



10

15

20

25

A marked-up manuscript version

Hydrometeorological data from Marmot Creek Research Basin
Canadian Rockes

Xing Fangd, John W. Pomerdy Chris M. DeBee¥, Phillip Hardet, and EvarSiemen$
1Centre for Hydrologynd Global Institute for Water Securityniversity of Saskatchewan, Saskatoon, S7N 1K2, Canada
Correspondence tXing Fang (xing.fang@usask)ca

Abstract. Meteorological, snow survey, streamflow, and groundweadta dre presented from Marmot Creek Research Basin
Alberta, Canada The basin is 84 km?, alpinemontane foresheadwatecatchmenbf the Saskatchewan River Basin that
provides vital water supplies to the Prairie ProvirmfegSanada It was heavily instrumenteéxperimented upoand operated

by several federal government agendietween1962 and 1986during which timeits main and sulbasin streams were

gauged, automated meteorological stations at multiple elevations were installetwater observation wells were dug and

automated, and frequent manual measurements of snow accumulation and ablation and other weather and water variables were

made. Over this periodmature evergreen forests were harvested in twebssins, leavingargeclearcutsin one basirand
a i hon e ysmalinfdrest cleafingi another basin Whilst meteorological measurements and-babin streamflow
discharge weirs in the basin were removed in the late 1880fderal government maintained the digfeeamflow discharge
measurements and a nearbigh elevationmeteorological statignand theAlberta provincial governmenmaintained
observation wells and a nearby fire weather statidarmot Creek Research Basiras intensivelyre-instrumentedvith 12
automated meteorological statigfisur sub-basinhydrometric sitesndsevensnow surveyransectstartingin 2004 by the
University of Saskatchewagfentre for Hydrology The observationsprovide detailed information ometeorology
precipitation, s moisture,snowpack streamflow, and groundwater during the historical period from 1962 to d®the
modernperiod from 2086 to the present time These data are ideal faronitoring climate changeleveloping hydrological
process understanding, evafing process algorithms amgdrological, cryospheric or atmosphenmdels and examining
the response obasin hydrological cyclingo changes in climate, extreme weather, and kemeer through hydrological
modelling and statistical analysesSThe data presented are publicly available frétaderated Research Data Repository
(https://dx.doi.org/10.20383/101.09

10
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1 Introduction

The astern slopes dhe Canadian Rocky Mountairferm the headwagrs ofthe Saskatchewan River Bas{8RB), whose
water suppes are vital todomestic, agricultural, and industrial usén the Canadian Prairie ProvincesThese mountain
headwaters occupy about 12.6% of total drainage area but generate 87% of total water yield in the SRB (Redmond, 1964).
Recognising thémportance of theeheadwatersthe Eastern Rocky Mountain Forest Conservation Act was passed in 1947,
which aimedto conserve and protect the Saskatchewan River headwaters (Neill, 1980; Rothwell et al.,TR@lBExstern
Slopes (Alberta) Watershed ReséaRiogram (AWRP) was created 1960to investigate relationships between forest, soil,
climate, and water and to examine the impacts of commercial timber harvesting practices on basin water yield and water qualit
(Jeffery, 1965 Kirby and Ogilvy, 1969 This program was collaborative effort betweeseveralprovincial and federal
government agenciés establish experimental watersheds in the headwaters, one of which was the establisivimentas
t hen c aMalmetdCreekiExperinental Waterslbedliring1961-1962 (Rothwell et al., 2016) Tthis later became the
University of Saskatchewam p e r Marmat Créek Research BasifMCRB) by which it is referred to in this paper

During the historical period of 1962986, a pairedasinexperimentdevised by the Canadian Forestry Ser(€&S)
exploral theeffects of forest cting onsnow accumulation angater yield inMCRB. Two types of forest clearing experiment
were conducted in the sutpine spruckir forest part of basifiFig. 1) six largefi ¢ 0o mme r c icuat blarksfer haevested
in the Cabin Creek sulbasinduring19711972 anca  fi h o n e ynuroemobscsmadl €ircularlearingseachl2 mto 18 m
in diameterwere harvesteth the Twin Creek sukbasin duringl977%1979, with Middle Creeleft intactas a control sub
basin (Rothwell et al., 2016 5now accumulatiomcreased b21%in the large forest cutting blockSwanson et al., 1986)
and 28% in themall forest clearingsompared to under adjacent intéwiest canopieéSwanson and Golding, 1982verall,
there was no statistically significant change in streamfloat could be associated withet forestry manipulations (Harder et
al., 2015). Severaither studies were carried out in parallel to thee$t clearing experiments. Investigations on soil water
storage and soil temperature in relation to snow accumulation and melt, forest, and slope orientation were conduciéd at sever
sites inMCRB and providedsome early understanding wffiltration ard runoff in the basin (Harlan, 1968iillman and
Golding, 198). Extensive field campaignthroughoutMCRB produced detailed descriptisof soils (Beke, 1969) and
surficial geology (Stevenson, 1967Additional studies were undertakenassess thbash ongeteorology (Munn and Storr,
1967; Storr, 19671973. Most hydrometeorolgical observationsn MCRB ceasedafter 1986 due to opening of adjacent
Nakiska Ski Resort ithe 19861987 ski season and subsequentihggif 1988 Winter Olympic Games; onbktreamflow
measurements at the maintlet by Environment and Climate Change Canada (EC&) groundwater measuremehts

Alberta Environment and ParkBEP), were continuegthough a high elevation weather station was established on Centennial
Ridge byECCC and Alberta Agriculture and Forestry maintained a nearby valley bottom weather (Rationell et al.,
2016).

After the Olympics, research activities inQRB were minimauntil 2004 wherthe research basinas reactivated by the

University of Sakatchewarwith the help of thé&niversity of Calgary, anBCCC Wide-rangingresearclhas beerconducted

11
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since thento improvethe understanding ofhe impact offorest canopy andorest clearings on snow accumulation and
snowmelt energetics (Ellis and feroy, 2007; Essery et al., 2008; Pomeroy et al., 2009; Ellis et al., BB3plman and
Pomeroy, 2017)slope and aspect controls on snow accumulaiwhmelt (DeBeer and Pomeroy, 2008llis et al., 2011;

Marsh et al., 2012plowing snow and sublimathin thealpine treeline environmeniith respect to local wind and topography
(MacDonald et al., 20)0alpine snowmelt runoff generation (DeBeer and Pomeroy/@0tillslope hydrologyof theforest

organic laye(Keith et al., 2010), angdrecipitation phase partitioning (Harder and Pomeroy, 20M&)RB has also been the

site of instrument or methodology development, from an early airborne LIDAR snow depth measurement (Hopkinson et al.,
2008) to acoustic measurements of snow (Kinar amagPay, 2009) as well as early telescope based snow surveys (Kinar and
Pomeroy, 2015)Utilizing the Cold Regions Hydrological Modelling platform (CRHM) these advances have been sydthesise
into a physically based hydrological modef MCRB (Fang et al., 28), which was used to assess the impact of forest
disturbances on basin hydrology (Pomeroy et al., 2012), analyse antecedent conditions on flood generation (Fang and Pomeroy,
2016) and diagnosain-on-snowrunoff generation for alpinenvironmentduringthe 2013 floodn MCRB (Pomeroy et al.,

2016).

This papeincludesdatasets aheteorologicalsnow survey, streamflow, and groundwatieservationsneasured in MRB.
Meteorologicaldatasets includénistoricalobservations byhe CFS andECCCand recentmeasurements ke University of
SaskatchewarCentre for Hydrology Continuous records oftreamflow measrements byECCC and University of
Saskatchewamas well as groundwater leganonitored by AFP are also includedThe snow survey data presentecre
conducted in clearings, under forest canopies and on hillskipesious elevationand areuseful for model evaluatioand
snow process studieSome ofthestudies utilising these datasdtscument théasin resiliencéo changes in climate, extreme
weather, and landover (Harder et al., 20159, sensitivity analysis of climate warming on snow processes (Pomeroy et al,

2015), andassessegariability of climate and its impacthdhe hydrological process€Siemens, 208).

2 Site descripion

Marmot Creek Research Basin (MCRB) @®N, 11515°W) isin theheadwates of the Bow RiveBasin inthe Front Ranges
of the Canadian Rocky MountaitFig. 1)andits streamflowdischarges ito the Kananaskis RiverThe basin areéd.4 kn¥)
is defined by the Water Survey of Canasteeam gaugé¢hat was installed in 125(Bruce andClark, 1965). MCRB is
composed of threeppersubrbasins: Cabin Creek (2.35 RmMiddle Creek (2.94 k#), and Twin Creek (2.79 kfjy which
converge intadhe ConfluenceSub-basin above the main stream ga(@&2 kn¥). Upper Marmot Creek is an upper sbiéasin
of Middle Creek {.178km?) is primarily alpine and is also gaugeBased on aesample®0078 LIDAR 8m digital elevation
model (DEM) (Hopkinson et al., 2012), hypsometric curves were derived for MCRBtsatifitee sukbasins (Fig. 2).
Elevation ranges from 189n a.s.l.(above sea levgeht themain Marmot Creekgauging statiorio 282 m at the summibf

Mount Allan. The 8mresampled LiDAR DEM, suibasin stream network asdibbasinboundaryGIS data are also included

in the dataset

12
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_Most of MCRB is covered byneedleleaf vegetatiowhich is dominated by Engelmann sprudeidea engelmanhiand
subalpine fir Abies lasiocarppin uppe-mid elevationsof basin (1710 to 2277 mYhe lower elevation (1590 to 2015)m
forests are mainly Engelmann spruce and lodgepole f@tiveig contortavar. Latifolia) with trembling aspen(Populus
tremuloide$ preset near the basin dlet (Kirby and Ogilvy, 1969).Alpine larch (arix lyallii) and short shrubare present
around the treelinat approximately 2016 to 2378. Exposed rock surfasegrasseand talus are present in the héghalpine

part of basin(1956 to 2829m). Physiographic descriptions of these ecozones are shown in Tahtkthey are mapped in

Figure 1. hese ecozones were determined from the forest cover map by the Alberta Forest Service (1963) with recent updates

from site visits Forest management experiments conducted in the 1970s and 1980s left six largitchdacks 1838 to
2062 n) in the Cabin Creek sulbasin and numerous smalfcularforestclearings (1762 to 2209 ni) the Twin Creek sub

basin (Golding and Swanson, 19886leseold forest clearcut blocks and clearings havegrown as sparse juvenile forest to

varying degreesThe basin surfacendeeveland coverGIS data is included in the datasets.

__The surficial soils are primarily poorly developed mountainssmiinsistingof glaciofluvial, surficial till and postglacial
colluvium deposits (Beke, 1969Relatively impermeable bedrock is found at the higher elevatidnitst the rest of basin is
covered by a deep layer of coarse and permeable soil allowingpidrreanfall infiltration to subsurface layemverlying
relatively impermeable sha(@effrey, 1965).

_ Continental air masses control the weather in the region, which has long and cold avinteool and wet sprisgvith a

late spring/early summerrgcipitation maximum Westerly warm and dry Chinook (foehn) winds lead to brief peridusnw
the air temperaturexceed$°C during the winter monthisthese events can result in snowpack ablation at lower elevations
Annual precipitation ranges froB00 mm at lowerlevationsto more than 1100 mm at the higher elevatiafswhich
approximately 70 to 75% occurs as snowfall with the percentage increasing with elevation (Storr M&&7)monthly air
temperature ranges from 2@ observed at 1850 in July to-10° C observed at 2450 im January.Mean air émperatures

have increasdby 2.3°C from 1967 to 201,3but there are no trends in precipitation or streamflow (Harder et al., 2015).

3 Meteorological data
3.1 Recentquality controlled data

Quality controlled (QC)15-minute intervalhydrometeorological data were processed from raw data measithedrecent
stations in MCRBHay Meadow, Level Forest, Upper Clearing, Upper Clearing Tower, Upper Forest, Vista View, Fisera
Ridge, and Centennial Ridg@hotos of tkese stations are shown in F&j.andTable 2shows dist of the variables in th@C
data along with instrumentation, record length and location for the statMast currentstationsstarted measurements in
2005 anctover 1lwater yeas (WY) from 1 October 2005 to 3Beptember 20168/Y2006 to WY 2016) with two exceptions:
Upper Clearing Tower and Fisera Ridge; the former started data collection 21 October 20@7attelstartecdata collection
13 October 2006The QC data were gera¢ed by applying guality assurance procedugeremoveerroneouslata in the 15
minute raw data. Table 3 list=etlQC thresholds used to remove: 1) measuresoetside of defined maximum and minimum
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ranges; 2Jneasuremesthat exceed eate of changéROC) limit; 3) constantmeasuements due to sensor failurin the QC
data, valusof -9999 denote the measurenmergmovedrom the raw data. In additipdaily QC soil moisture is provided for
11 water yearérom the Level Forest statioand eight weer years (WY2006 to WY2013) frote Upper ForestFrom 19
October2012, soil moistureis monitored at 45-minute intervalat Upper Foresand this higher temporal resolution data

included.

3.2Recentmodelling data

Hourly modellingdata were obtained by averaging themiute QCobservations oir temperature (°C), relative humidity
(%), wind speed (MY, incoming solar radiation (W #), andsoil temperaturat either &cm or 10cm below ground surface
(°C) and by summing theStminute QC observation of precipitation (mnilissingobservations oéir temperature, relative
humidity, wind speed, incoming solar radiation, and soil temperaterefilled using either temporal av@ging interpolation
or linear regression to nearlsyations. Whenintervals ofmissing data we less tharthree hours, tengral averaging as
employedwherethe observations of the variabteree hours before and three hours aftemtigsinginterval from the same
station wee used to calculate the agge. When the missing datgerval wadonger than three houlgear regressions were
developed amongst stations using the raw data, the regressions were ranked Bas#degriheregression relationshipith
the highest ? value was selected to fill in the missing dakor missing precipitatiorgbservationgrom nearby statiomvere
used along with seasonal precipitation adjustmfemtslevatiorto fill in the missing precipitationThe hourly modelling data

are provide for 11 water years from 1 October 2005 to 30 September 284 6lescribed in the previous section, both Fisera

Ridge and Upper Clearing Tower stations were established after WY2006, and the hourly modelling data before station

establishment were estinegk For the Fisera Ridge station, air temperature, relative humidity, wind speed, incoming solar

radiation, and soil temperature from 1 October 2005 to 13 October 2006 were estimated based on linear interpolation to nearby

stations, and precipitation froilnOctober 2005 t46 September 2008asestimated from Upper Clearing precipitation with
seasonal precipitation adjustments for elevatibor the Upper Clearing Tower station, the hourly incoming solar radiation
measured at 20 m above grousdgrovided,and from 1 October 2005 to 21 October 2@0Xas estimated frormcoming
solar radiatiormeasured athe lower levelUpper Clearing tripod statiobbased on a linear regressibecause ofocation of
both stationsin the same forest clearingrigures 4-8 show the annual mean daily air temperature, relative humidity, wind
speed, incoming solar radiation, and accumulated rainfall and snowfall with theiammeal variability for MCRB stations

for the 11 water years.

3.2.1 Air temperature and relative humidity

Air temperature and relative humidity wemeasuredsing Vaisala hygrothermometergh naturallyventilatedGill radiation

shields at all seven stationsTable 4 shows thatvarage air temperature at MCRB for the 11 watsars ranges froni.6°C
at the Centennéll Ridge station t60.4 °C atthe Fisera Ridge statiorBoth stationsare locatecn alpine ridgéops, above

treeline Higher temperatures are found at lower elevations, wierd tyear average air temperature is 1.4 °C and 3.1 °C
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for theUpper Clearing station in a montane forest treHay Meadow station in the valley floor, respectiveWY2016was

the warmest, with the average water year air temperature iet¢C, 1.0 °C, 2.7 °C, and 4.4 °C for Centennial Ridge, Fisera
Ridge Upper Clearing, and Hay Meadow stations, respectively. WY2@88he coolest fotheCentennial Ridge and Fisera
Ridge stations, with average air temperagwo£2.7 °C and1.7 °C, respectively; whereas WY 20Was the coolest for Upper
Clearing and ldy Meadow stations, with average air temperatof@®.4 °C and 1.9 °C fodpper Clearingand Hay Meadow
stations, respectivelyAn example of hourly air temperature and relatively hutyitfom Fisera Ridge station shown in

Fig. 9a and b.

3.22 Wind speed

Wind speed were measured at all seven statiarsing propelletype RM Young anemometersThe 1twater year average
wind speed on windexposed alpine ridges abe8 m s' and 2.5 m 3 at Centennial Ridgmeasured a.41 m a.g.s(above
groundsurfacg and Fisera Ridgé.55m a.g.s) stations, respectiveljiay Meadowlocatedin anopen grasslandalley floor
(7 ma.g.s) hasanll-water year average wind spe&d.0 m s. Vista Viewstation(4.11m a.qg.s) islocatedin a large forest
cut block with a short sparse forest cover gbungtreesandhasan 11-water year average wind speedlof m s*. For the
wind-sheltered stations (Upper Clearingpasured at 2.85 m a.gldpper Foresteasured at 2.77 m a.gand Level Forest
measured at.25 m a.g.5 the 1twater year average wind spsgdnge from 0.1 to 0.6 m's The maximum hourly wind
speed recorded during 11 water years is 37.9'from Centennial Ridge station. An example of hourly wind spgesd

Fisera Ridge station Ehown in Fig9c.

3.23 Incoming solar radiation

Incoming solar radiatiowas measured at all seven statioising Kipp and Zonepyranometerand is included in the hourly
modelling dataset except ftreVista View station due tehorthelength of measrement. FotheUpper Clearing site, hourly
incoming solar radiation measuredthaé top of the20m tower station is provided in addition to that from the main tripod
stationnear the ground1(95m). For thesubcanopymeasurements at Upper Forest.(heature spruce forest) and Level
Forest (i.e. mature lodgepole forest) stations, thevdter yeamean valugrange from 15.9 W ri (Upper Forest) to 23.7 W
m2 (Level Forest)For the stations not affected by forest canopy, thevafer year mean valuanges from 140.1 W #h
(Upper Clearing 20m tower) to 150.3 W2Fisera Ridge). An example of hourly incoming solar radiatiom the Fisera
Ridge station ishown in Fig9d.

3.24 Soil temperature

Soil temperaturevas measuredising thermistorst all seven stations at either 5 cm or 10 cm below ground surface. The 11
water year mean value ranges freth7 °C (Centennial Ridge) to 6.5 °C (Hay Meadow). The maximum hourly soil

temperatureluring 11 water yeansas 36.6 °Cat theHay Meadow statin and the minimum hourly soil temperature during
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11 water yearsias-16.5 °Cat theCentennial Ridge statiorAn example of hourly soil temperatuirem Fisera Ridge station

is shown in Fig9e.

3.25 Precipitation

Precipitation was measured withiter-shielded Geonor T200B weighing precipitation gauge Hay Meadow, Upper
Clearing, and Fisera Ridge stations, and it was corrected forindluted undercatch fahewind-exposed Fisera Ridgend

Hay Meadowstatiors (Smith, 2007). Precipitation isdivided into rainfall and snowfall based tme psychrometric energy
balanceprecipitation phase determination methim/elopedy Harder and Pomeroy (2013)able 4 shows thahe average
annual precipitation fathe11 water years is 627 mm (229 mm sfo889 mm (443 mm snow), and 1190 mm (802 mm snow)

for Hay Meadow, Upper Clearing, and Fisera Ridge, respectividig. highest annual precipitation during the 11 water years
from Fisera Ridge statiomas1329mm in WY2013 when approximately 250 nofirainfall and snowfalfell duringthe June

2013 flood (Pomeroy et al., 2016yhich also produakthe highest annual rainfalb85 mm) recorded duringhe 11 water

years. An example of hourly cumulative precipitation, divided into rainfall and snowfall from Fisera Ridge station, is shown
in Fig. of.

3.3 Historical modelling data

Historical meteorologicaldatais available fromthe three sites showm Fig. 1. Observations fron€onfluence 5 (Con 5,
50.96C°N, 115171°W, 1770m), Cabin 5$0.975N, 115182W, 2051m), and Twin 1 $0.957N, 115204'W, 22& m) are
provided These sites were established in early 1960t FS andECCC. Based on the availabyitof data,continuous
records ohourly air temperatur€C), relative humidity(%), and wind speefin s*) anddaily precipitation(mm)are included

for 18 water years from 1 October 1969 to 30 September.19&7temperature and relative humidity wereeasured by
thermographs or hygrothermograpMupin and Storr, 1967); wind speed was measured by MSC type 45B anemometer, and
for precipitation,LeupoldStevens Q12M weighing gaugand MSC(Meteorological Service of Canadtpping bucket
gauges were usedo take measurements for snowfall and rainfall, respectively (Storr, 1938)a quality assurance was
undertaken to generate the continuous data from the oraisatvationswhich includes removing inconsistent measurement
and outliers, filling missig data with linear regressions to nearby stations. Details regarding the quality assuramocedade

by Siemens (2016)The original measured data are also provided for these sites.

4 Snow survey data

4.1 Recent snow survey data

Snow survey data celtted from transects near the recent meteorological stations: Hay Meadow, Level Forest, Upper Clearing,

Upper Forest, Vista View, and Fisera Ridge are provided for nine WY from 2007 to 2016, except for the Hay Meadow in WY

2007 when no measurements werneeta The snow survey data includes snow depth, density and snow water equivalent
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(SWE). In addition, the snow survey data contains field notes orctaret information of each snow survey transect. The

snow surveys usually occur monthly during the wirdaccumulation period and-tveekly to weekly during the spring melt

period. Snow depth was measured bym duler for shallow snowpack or arB measuring probe for deep snowpacks, and

snow density was measured using an ESC30 snow tube for shallowaskewgy a Mount Rose snow sampler for deeper

snowpacks. At each transect, snow depth was observenh antervals, and one snow density was collected for every five

depth measurements.

4.2 Historical snow survey data

Snow survey data collectdy CFSfrom seven snow courses (SC): 1, 3, 6, 8, 11, 14, and 19 are providee\iaters yees

from 1963 to 1986.The location of hese snow courses shown in Fig. 1anda brief descriptiorfor eachsnow cours is

listed in Table5. Regular measurementsere carried out monthly from February to June, and each course consisted of 10
staked points where snow depth and snow water equivalent were measured. In some years, measurements were conducted
more than once per month, which provided more details obsabsnow accumulation. Both monthly snow survey data from

1963 to 1986 and detailed survey data frosasurements more than once per month ddi963 to 1980 are included for the

historical period. An example of mean transect SWE from historical amgmesnow surveys for alpine and montane forest

sites is shown in Fig. 10.
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5 Streamflow data

5.1 Recent streamflow data

Recently streamflow observations were made by the University of Saskatchertiag sg@ing 2007 at the stiiasin outlets: [ Formatted: Normal

of Cabin, Middle, Twin and Upper Marmot Cresland at the basin outlet after June 2013 flood. Measurements at outlets of

Cabin, Middle, and Twin Creeks ceased in June 2013 as all three gauging stations (asat®@bBling dataloggers) were

destroyed in June 2013. The sites are now difficult to access as the road was destroyed, the channels are unstable and acces

trails are covered with fallen trees.low depthwas continuously measured at -biinute intervalwith automated pressure

transducersandvelocity was manually measured with a handheld SonTek FlowTracker acoustic Doppler velocimeter every

few weeks from spring to autumn.isBhage at 15minute interval is calculated based on rating curves from roamtis flow

depth and frequently manually measured velocity throughout the spring, summer and fall. Hourly average st(eérmflow

1) is estimated from the 3finute discharge and is provided for Cabin, Middle, and Twin Creeks from 2007 to 2012, Upper
Marmot Creek from 2007 to 2016 and Marmot Creek from 26 June 2013 to 2016.

5.12 Historical streamflow data

Daily average tseamflow(m? s?) was estimatefor Cabin Creek, Middle Creek, Twin Creek, and Uplkarmot Creek for
the historical period from 1963 to 198&treamflowmeasurementwere madeby E C C €Water Survey of Canadat the
outlets of the respective sdtasins Cabin Creelgauge (CCG05BF019, Middle Creek gauge (MC®5BF017, Twin Creek
gauge (TCG 05BF018, and UpperMarmot Creek gauge (UMCGO5BF020Q shown in Fig. 1 Year round streamflow
dischargevasestimated using stage recofdsm flow through ¢notch weirs on Midle and Twin Creeks and anfldme on
Cabin and UppeMarmotCreekgCanadian Forestry Service, 1976; Harder et al., 20IB¢ UppeiMarmotgaugis located
higher up the Middle f2ek si-basin and captures the strébow generatedrbm a predominantlglpine areaThe record for
Upper Marmot Creek is sporadiclue tothe ephemeraiature of Middie Creek at this location argitdecationsaccess
challenges

For theMarmot Creekoutlet, streamflow was measured BECCCat Marmot Creek basin outl&t-notch gauging station
(0O5BF016). The streamflow dataspan from 1962 to 19 June2013 and are continuousuntii 1986 and seasonal
thereafter However, the guging statiowasseverely damageid theJune 2013lood (Pomeroy et al., 2016), after which no
measurerantshave beetmade byECCC The University of Saskatchewan restored discharge measurements at this site on
June 26 2013 as described in piheviousiextsection. The daily average streamflow dditet all subbasins and Marmot Creek
can besearched and theatcessed frorthe ECCCWater Survey of Canaddist or i c al hydrometric data searcho website a

https://wateroffice.ec.gc.ca/search/historical_e.htmhe Water SurveyfoCanada is preparing to restore this gauge in the

near future.
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6 Groundwater data

Threegroundwater wells (GW)301, 303, and 3Q%stablished irthe 1960sand one GW, 386, established in988 are
continuously monitored by BP. The location of these groundwater wells is shown in Fig. 1, and brief information regarding
these wells is provided in Tabe Daily data for hese groundwater wells can be searched accessefiom AEPS s
fiGroundwater Observation Well Network (GOWN)yebsite athttp://environment.alberta.ca/apps/GOWNAccess to the
hourly grourdwater welldata can beequestd from theGroundwater Information Cemtat gwinfo@gov.ab.ca

7 Example data

Data fromthe June 2013 floods shownas an example of weather and streamflow observed in MCRB1(Big.The flood

event startedn 18 June and ended on 24 June. Air temperature observed at Fisera Ridge station was as’6Gighram8

rainfall on 19 June and dropped to 0@Ctduring snowfall on 21 Junthe atmosphere became saturated on 18 June aed sta
saturatedhrough 21 June (Fid.1a). Variable wind speeds were observethat-isera Ridge station, changing froefatively

calm conditions on 18 June to 4 rhan 20 Jun¢hen droppingo an average of 2 mtdefore peaking at 5.5 m'®n 21 June

(Fig. 11b). Overcastskies persisted duringnuch of the flood everdandincoming solar radiation observed at Fisera Ridge
station dropped from a peaks33 Wm2 on 18 June tbelow 266 W n¥ throughout the event and then rose to a peak 88 10

W m2 on 22 June (Figl1b). Similar depths of precipitatiofell at all elevations (1436 to 2325 m) in MCR®Bith about 23

mm during 1925 June however, this measurement was compromised as the Geonor precipitation gauge overtopped on 21
June and cdd not beimmediatelyaccessed for maintenance dueémaged trails and road®uring the snowfalbf 21-22

June,the depth of fresh snowpack on the ground was used to estimate precipitation based on assumption of a fresh snow

density of 100 kg i (Pomeroy et al. 2016)Approximately 23 mm of rainfall was measured at Fisera Ridge station during
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19-25 Juneandan8-cm deepsnowpack developed at Fisera Ridge on 21 June and melted after ZFiguthéc). Rainfall
and snowfall rates during the exteemained less than 12 mni &ndwerehigher than 6 mm-honly on 19 and 20 June, with
cumulativedaily totals increasing frodl mm on 19 June to BImm on 20 June, and then dropping/tband 18 mm on 21
and 22 June, respectivelffhe streamflow discharge observed at outlet of Upfemot Creekremained below 0.6 mnith
at start of the flood event on 19 June arateased steadilgn 20 June, reaching a peak of 2.84 mhah1:00 on 21 June and
then falling to below 1 mm-hafter21 June for the remaining tie flood even{Fig. 11d). Total discharge generatedthe
outlet of UppeiMarmotCreekwas estimated to be 106 nduring 1925 Junemuchof which wastheresult of rairon-snow

in thealpine and treelinelevations

8 Dataavailability and structure

All data presented in this paper arpublically available at the Federated Research Data Repository
(https://dx.doi.org/10.20383/101.09Headers in most data fiere selfexplanatory and all data are measured in Central
Standard Time (CST) that is 6 hours behind Greenwich Mean Time {§MMeteorologicaldata ard¢ime-seriesin comma

delimited .txt files organized by station. Snow survey data are stored inxtbe files. Historical snow survey datare
summarizedn a single time series fileRecentsnow survey datare orgaried by site for a water yedRecent geamflow

data are timeseries and are stored in .csv files and are organized by the gauge station. Additional readme files are provided
for notes on missin data, data measurement periods and units, and no measurement due to wildlife interfdtibonal

GIS shapefiles are provided to show locations of historical and recent hydrometeorological and hydrometric stations as well

as historical and recent®n survey transects.

from University

910 Compilation of Marmot Creek Memories, Reattime Data and Publications

The Centre for Hydrology held a 5@nniversary Workshop for MCRB in February 2013 where many of the original and
recent researchers gave presentationa balfcentury of scientific research in the basin. The Centre has also compiled 120
MCRB publications, and provides rei#the observations from many of the current meteorological stations. The workshop

presentations, publications and data can be aatdmsehttp://www.usask.ca/hydrology/MarmotBasin.phfm addition, a
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number of recent theses contain detailed contemporary site information for Marmot Creek Research Basin and provide results

for the recent research conducted in the basin. These theses can help familiarize researchers with the basin and better

understandti s hydrol ogy. Table 7 1lists the theses that can be searched and ac

file Commo n s 0 htiwse//becomnioms.usagk.ca/

101 Summary

Data presented in this paper provide suppmongoing research iMCRB, a mountain basin located in the Front Range of
Canadian Rodks The data include 11 water years of hougbpfilled air temperature, relatively humidity, wind speed,
precipitation, incoming solar radiation, and soil tengpgre from 1 October 2005 to 30 September 2016 as well as 18 water

10 years of hourly air temperature, relatively humidity, and wind speed as well as daily precifitatich October 1969 to 30
September 1987. Theseeteorologicatiatasets are useful fdriving hydrological modeland carrying oudliagnostic change
detectionanalysis in the basinln addition, 15minute quality contrdéd data incluihg other hydrometeorological variables
such as snow depth, soil temperature, and soil moistuggresented frond October 2005 to 30 September 2016; these data
have gaps but are useful for diagnosing model performance in snow accumataitiomisture and temperatur8now survey

15 data are included fahe historical period from 1963 to 1986 and thierent periodrom 2007 to 2016 Hourly streamflowis
provided for Cabin, Middle, and Twin Creeks from 2007 to 2QgerMarmotCreek from 20@ to 2016 andMarmot Creek
after June 2013 flood from 26 June 2013 to 2@4ly streamflow for Cabin CreelMiddle Creek, Twin Creek, and Upper
Marmot Creek from 1963 to 1986 adarmot Creeldaily streamflow from1962to 19 June2013 can be obtained frotme
ECCCWat er Survey of Canadads fAhistorical h y dvealgmeundwater dat a searcho website.

20 wells in Marmot Creek can be accessed frABP6 sGrofindwater Observation Well Network (GOWN) we bls allt e .
these longerm meeorological and hydrometric data sets ategacyof previous and current research activitesiductedn
MCRB and support ongoing effort$o detectand diagnoseclimate change in the basend region examire extreme
hydrometeorologicaévents (i.e. drought arftbod), and diagnasng the basin response to larmbver changecaused by
stressors such assect infestatiog fire andforestharvesting This dataset ultimately serves advance our knowledge of

25 hydrology of theCanadian Rodks

11 Appendix: acronym list

AEP  Alberta Environment and Parks

a.q.s. above ground surface
AWRP _Alberta Watershed &earch Program
30 CCG _Cabin Creek gauge
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CES  Canadian Forestry Service

CRHM Cold Regions Hydrological Modelling platform
CST  Central Standard Time

DEM _ digital elevation model

ECCC Environment and Climate Change Canada

GIS geographic information system
GOWN Groundwater Observation Well Network

GW groundwater wells

LiDAR Light Detection And Ranging
MCG Middle Creek gauge

MCRB Marmot Creek Research Basin

MSC  Meteorological Service of Canada

QC quality controlled

ROC _rate of change
SC Snow courses

SRB  Saskatchean River Basin

SWE snow water equivalent

TCG  Twin Creek gauge

UMCG Upper Marmot Creek gauge

Wy water year - [ Formatted: Normal

Author contributions. XF cleaned and organized dataset. JWP designed and instrumented research basin, and all aut[ Formatted: Font: Bold

collected data and contributéalthe manuscripivriting.
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Figure 3: Photos of Marmot Creek Research Basin hydrometeorological and hydrometric stations: (a)
Centennial Ridge in July 2010 (2470 ifl) Fisera Ridge tripod station in April 2015 (2325 m), (c) Fisera
Ridge Geonor guge in March 2011 (2325 m), (¥jsta View in February2011(1956 m), (e) Upper

5 Clearing tripod station in May 2010 (1845 m), (f) Upper Clearing Tower station in February 2011 (1845
m), (g) Upper Forest in April 2013 (1848 m), (h) Level Forest in JarRGk9 (1492 m), (i) Hay Meadow
in February 2012 (1436 m), (j) Upper Marmot Creek stream gauge in July 22Q0r(), (k) Cabin
Creek stream gauge in June 201810m), (I) Middle Creek stream gauge in June 201064 m), (m)
Twin Creek stream gauge in Ju2@10 (L754m), (n) Marmot Creek stream gauge in June 20BEDHP

10 m),
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Figure 4: Annual mean daily air temperature for 11 water years from 1 October 2005 to 30 September
2016at MCRB stations: (aCentennial Ridge, (b) Fisera Ridge, (c¢) Vista View, (d) Upper Clearing, (e)
Upper Forest, (f) Level Forest, and (g) Hay Meadow. Line represents the annual mean andethe shad
arearepresents the standard deviation of the/ddr daily air temperature.
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Figure 5: Annual mean dailyelative humidityfor 11 water years from 1 October 2005 to 30 September

2016at MCRB stations: (aCentennial Ridge, (b) Fisera Ridge, (c¢) Vista View, (d) Upper Clearing, (e)

Upper Forest, (f) Level Forest, and (g) Hay Meadow. Line represents the annual mean andethe sha
5 arearepresents the standard deviation of the/ddr daily relative humidity.
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