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Water balance is the mathematical accounting of water input and movement through the environment. It accounts for water
storage in different phases (ice, liquid) and loss to the atmosphere (gas) via evapotranspiration. Through integrating the
interactions of temperature and precipitation, it allows us to estimate water availability, movement to streams, and ground
water and use by plants. It also accounts for heat load on different aspects and slopes in complex terrain, as well as water
holding capacity of different soil types. Local site characteristics such as slope, aspect, soil properties are represented by
the modification of regional weather and climate and depict the biophysical conditions at local scales that plants and
animals “experience”. For these reasons, water balance is usually more strongly correlated with natural resource response
(plant growth, stream flow, fire danger) than temperature or precipitation. More information about water balance and links
to studies that have used water balance to improve understanding of natural resources response to climate change can be
found here (https://www.nps.gov/subjects/climatechange/waterbalance.htm). The water balance model is maintained by the
National Park Service (Mike Tercek, David Thoma and John Gross). Collectively this report summarizes historical and
projected biophysical environmental conditions from 1980-2100 at the single grid cell level (gridMET = 4km; projections =
1km). A link to the NPS water balance gridded products can be found here
(http://www.yellowstone.solutions/thredds/catalog.html).
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This report is created from temperature and precipitation data that is input to a water balance model. The historical
temperature and precipitation data are from gridMET (http://www.climatologylab.org/gridmet.html). The future climate
projections, MRI-CGCM3 RCP 4.5 and MIROC5 RCP 8.5, used in this report are from the CMIP5 experiments
(https://www.wcrp-climate.org/wgcm-cmip/wgcm-cmip5) .
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Future Model Selection

The models used in this analysis were chosen based on two climate futures that bracket a wide range of plausible future
climate conditions represented by the Global Circulation Models (GCM) in the CMIP5 experiments. The experiments
include the effects of anthropogenic warming caused by changes in carbon dioxide concentration in the atmosphere.
Representative Concentration Pathways (RCP) describe scenarios of carbon dioxide emission, where RCP 8.5 is the high-
emission scenario and RCP 4.5 is a lower emission scenario. Model selection for this report is based on a temperature v.
precipitation scatterplot of future climate models and scenarios at mid-century. Users are cautioned that the two models
presented in this report are intended to represent a range of conditions, but other projections are available and may need
to be considered for a full accounting of possible futures. The spatial resolution of climate data used in the water balance
model may not be representative of site-specific conditions, especially in areas of high relief or high topographic
complexity, and high variation in soil water holding capacity.

Projected water balance conditions presented in this report were selected based on the scatter in projected temperature
and precipitation in the future. The latitude and longitude of the site is used to buid a scatterplot visualization of future
projections from the MACA website of all modeled future conditions of temperature and precipitation. Models from the
scatterplot are selected to represent a drier and hotter climate future (the bottom right of the scatterplot) and a wetter and
hotter climate future (the upper left of the scatterplot).
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Change in annual values through time

Runoff, rain, potential evapotranspiration (PET), actual evapotranspiration (AET), and deficit are summed to show annual
values through time. Peak snow water equivalent (SWE) is the max value for the year regardless of the month in which it
occurs. Soil water is the mean annual water content in the top meter soil profile. Additionally, it is important to note that
precipitation includes rain plus snow, whereas rain is only liquid precipitation. Rain is specifically precipitation that does not
fall as snow. If total precipitation stayed the same but temperatures increased, the data here would display that as an
increase in rain.

The reason for the different summary statistics is because water variables that don’t have an upper limit like rain, runoff,
evapotranspiration and deficit can accumulate indefinitely within a calendar year, whereas soil moisture is limited by the
soil water holding capacity, so it is averaged on an annual basis. Temperature variables are averaged by convention and
growing degree days are summed to account for the seasonal accumulation of heat that controls biological metabolism and
thus growth rates and phenology when water is available. Snow water equivalent is reported as a maximum value because
snow accumulates during winter and the maximum water content of the snowpack is useful for predicting stream flow rate
and reservoir storage needs.
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Figure 1. Annual values over time. The gray line represents historical data modeled from gridMET, the turquoise line
represents MRI-CGCM3 rcp45 and the yellow line represents MIROCS rcp85.



Deficit v. Actual Evapotranspiration

Actual evapotranspiration (AET) is an estimate of soil water used by plants plus evaporation. Deficit (D) is an estimate of
unmet water need. That is, it represents the amount of water vegetation would use if the water was available and hence is
an estimate of vegetation drought stress. Together, AET and D are good predictors of vegetation condition and are useful
variables for understanding climate stress on vegetation and how vegetation may transition in the future (Stephenson,
1998). If the clustering of AET and D change in climate space, vegetation assemblages will respond and changes in
assemblages will eventually reflect the new climate space. The figure below (Tercek et al., 2021) shows how AET v. D,
calculated using the water balance model used for this report, differs across bioregions in the U.S.
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Figure 2. Ecoregions in the Western United states based on AET and Deficit (CWD). (Tercek et al., 2021)
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Figure 3. Modeled Deficit vs. AET. The points are annual sums of daily observations in each year. The green points
represent 1980-2019; the yellow points 2020-2059; and the turquoise points 2060-2099. The contours around each set
of points delineate shifts in climate space over time.



Water Balance Projections

Soil Water

601

E 401

Water (m

401

Water (mm)

201

Soil Water Seasonality
MRI-CGCM3 RCP 4.5

Soil Water Seasonality
MIROCS5 RCP 8.5

1980-2019 - 2020-2059 = 2060-2099 1980-2019 -~ 2020-2059 = 2060-2099
601
'E 40
£
8
©
= 504
0_
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
AnnualSoil Water Annual Soil Water
MRI-CGCM3 RCP 4.5 MIROCS5 RCP 8.5
gridMET MRI-CGCM3 RCP 4.5 gridMET MIROCS5 RCP 8.5
40+
|
A N N\ J‘v
‘ —~ o | Wet year: 2005_ | 1M
_\{V_e}y_e_a_fi_ZQQ?_T*o_e___7_1“___/1___?: _____________________________________________ 230:}}??[ 777777 \’r/TWOW‘W N
1 / ,/}’ :\\, | 1 all = | |
w& ? 0, i No | V‘( & o Dryyear:ZWM‘AW”W,\.“ AW W N
\ © \/ /
Dwyeaf2019.&u\ﬁdwx ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, = 201 ‘ A Vv 7 }
v ! \
& |
101
2000 2050 2100 2000 2050 2100



Water(mm)
N
hd

N
o

Annual Soil Water Annual Soil Water

MRI-CGCM3 RCP 4.5 MIROC5 RCP 8.5
1980-2019 2020-2059 2060-2099 1980-2019 2020-2059 © 2060-2099
. o 601
£ 40/
5
@©
= ®
: 20
_ % 2 1:;' '
I S T e |D :kc 01 ‘ | ahy‘gmfﬁ,;wmm

1980-2019 2020-2059 2060-2099 1980-2019 2020-2059 2060-2099



Runoff
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Rain
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Peak Snow Water Equivalent (SWE)
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Potential Evapotranspiration (PET)
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Actual Evapotranspiration (AET)
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Deficit
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