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Executive Summary

Weather observations over the last several decades as well as climate projections for the local area
of Summit Lake and the regional area of northern Nevada surrounding Summit Lake were exam-
ined to inform climate adaptation planning by the Summit Lake Paiute Tribe. Data were orga-
nized by seasons (December-January-February, March-April-May, June-July-August, September-
October-November). Analysis looked for trends and variability. Historical analysis over the pe-
riod 1990-2023 is based on the largely complete daily records for temperature from 13 weather
stations and for precipitation from 5 weather stations. Climate projections are based on data used
by the United Nations Intergovernmental Panel on Climate Change.

Use of different input greenhouse gas emissions scenarios (the rate that the CO2 concentra-
tion in the atmosphere changes per year) yield larger contrasts among future temperature predic-
tions than differences in representing earth system physical processes among different modeling
groups. This report uses climate predictions from a likely emissions scenario and a low probability
worse case scenario.

Weather forecast and climate prediction models are generally less reliable in mountainous ar-
eas such as the basin and range terrain of northern Nevada than gently sloping land surfaces or
over the ocean. The data sets and analysis methods used in this report are tailored to provide the
most trust-worthy information available on the current and future climate of the Summit Lake,
NV region.

Key findings for the Summit Lake, NV region are:

• For the period from 1990-2023, seasonal temperatures for June-July-August have increased
by about 1 �F per decade. There were no notable temperature trends for the other seasons.

• There were no significant trends in seasonal precipitation accumulations between 1990 and
2023. The December-January-February season usually has the most precipitation and largest
variations year to year.

• In the coming decades, it is likely that larger future temperature increases will occur during
June-July-August as compared to the other seasons. Hot summer weather conditions may
more frequently extend into September. The more likely scenario shows increases in June-
July-August temperatures of � 0.5 �F/decade as compared to the low probability worst case
scenario of � 1.6 �F/decade.

• December-January-February seasonal precipitation may increase slightly in the coming decades
(�0.2 in/decade in the likely scenario and �0.5 in/decade in the low probability scenario).
Large variability in year to year precipitation accumulation is likely to continue.

There is sparse information on historical conditions for the Summit Lake region. Predicting the
future climate is very challenging and has large uncertainties. Definitive answers are not available.
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Figure 1: Observed historical changes in air temperatures in the United States since the first portion of the
20th century. Values are computed by subtracting regional average values from 2002-2021 from those from
1901-1960. Adapted from Figure 2.4 in 2023 US Climate Assessment (Crimmins et al., 2023).

1 Introduction

Projected climate changes in the news are commonly reported as global averages and as values
over large continental regions (Intergovernmental Panel on Climate Change (IPCC), 2023; Crim-
mins et al., 2023). However, there is a lot of regional variation, so values for large areas are of
limited use for local community climate adaptation planning.

Weather forecasts and climate predictions are generally less reliable in mountainous areas
(such as the basin and range terrain of northern Nevada) than gently sloping land surfaces (such
as the east coast of the US) or over the ocean (e.g. Berner et al., 2012; Maraun and Widmann, 2015;
Kim et al., 2022). The difficulties arise in part from over-smoothing complex topography within
the models. This over-smoothing reduces the heights of mountain peaks and ridges and removes
smaller valleys, ridge gaps, and smaller lakes which are critical to air movement and humidity
in the real world. Additionally, the chosen grid resolution of the model necessitates tradeoffs be-
tween more basic versus more detailed representations of earth system physical processes within
models (e.g. Stevens et al., 2020).

The data sets and analysis methods used in this report are tailored to provide the most trust-
worthy information available on the current and future climate of the Summit Lake, NV region.
As a consequence of the lower reliability of weather forecast model output in complex terrain, we
base our analysis of historical weather over recent decades on weather station observations only.
We cautiously utilize the lower reliability climate predictions in mountainous terrain.

For most of the statistics examined in this report, the calendar year was subdivided into three
month seasons (December-January-February = DJF, March-April-May = MAM, June-July-August
= JJA, and September-October-November = SON). Previous studies have shown that the magni-
tudes of regional climate variability often vary by season. For example, Crimmins et al. (2023)
found for many regions in the US that between the first 60 years of the 1900s and the first two
decades of the 2000s that winter season temperatures are warming faster than summer season
temperatures and that some regions are cooling (Fig. 1).
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1.1 Key Variables Defined

Figure 2: Example statistical distributions for Summit Lake region with percentile values annotated. (a)
Observed June-July-August daily maximum temperatures (13 weather stations) have a bimodal distribu-
tion where the median value occurs less frequently than either the 25th or 75th percentiles. (b) Observed
December-January-February seasonal precipitation (in/season) (5 weather stations) has a skewed distribu-
tion with the most frequently occurring values toward the low end as is typical for precipitation. Both of
these distributions are non- Gaussian.

Distributions in statistics illustrate the frequency of specific data values within the entire set of
data values. The percentiles of the statistical distribution are a way of distilling information on how
the frequency varies by indicating relative standing. The 10th, 25th, 50th, 75th, and 90th percentiles
are commonly used in statistical analysis. For example, the 10th percentile represents that value
below which 10% of the data fall. The the 25th percentile represents the value below which 25%
of the data fall and so on. The 50th percentile corresponds to the median. Half the points are below
this value and half are above it. Example distributions for seasonal temperatures and precipitation
(Fig. 2) illustrate the locations of various percentile values. The interquartile range represents the
difference between the 75th and 25th percentiles of the distribution. Overall, percentiles usually
present a more representative picture of the characteristics of data values and their spread than
the single minimum and single maximum in a data set. Minimum and maximum values could be
outliers; unusual data points that are far removed from the rest of the data.

Median Absolute Deviation (MAD) indicates the typical y-axis distance (in the y axis variable’s
unit) on the time series plot between individual points and the median value. Higher MAD values
indicate that the individual points tend to spread farther from the median (i.e. there is more
variability) and lower values indicate a smaller spread. This statistic is better suited to analysis of
temperature and precipitation data than standard deviation and mean absolute deviation since it
can better handle outliers and non-Gaussian distributions.

To quantify seasonal trends in median daily minimum and maximum temperatures and total
precipitation, we use two different trend estimates: simple linear regression and the Theil-Sen
slope estimate. The Theil-Sen method for estimating a trend chooses the median slope from the
slopes of all pairs of points, making this method of estimating trends more reliable in the presence
of extreme observations. A permutation test is used to determine if the trends detected by simple
linear regression and the Theil-Sen estimates are likely to be genuine or could be observed by
chance alone. We first calculate the trend found in the observed data. Then we assume that there
is no real trend, and repeatedly shuffle the order of data at random thousands of times. For each
new random shuffle, we calculate the new trend, giving a distribution of trends created purely
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