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INTRODUCTION 
 
As part of the Zuni Mountains Collaborative Forest Landscape Restoration Program (CFLRP), 

the Forest Stewards Guild (FSG) has established a weather station and several stream level and 

water quality monitoring stations along the Rio Nutria and its tributaries in the Zuni Mountains 

of New Mexico.  Quality analysis and quality control (QA/QC) was completed for the period of 

record available for the Zuni Mountain weather station (ZWS).  Additionally, discharge data for 

the US Geological Survey (USGS) site, Rio Nutria Near Ramah (09386900), was paired with 

weather data to evaluate the presence of relationships between weather station variables and 

stream runoff in the Rio Nutria watershed.  The Rio Nutria gaging station is located 

approximately 0.75 miles upstream of the Upper Nutria Diversion Reservoir.  Water level data 

from the FSG is presented in addition to Rio Nutria near Ramah site, but was not evaluated due 

to the limited number of precipitation events and the short period of record.  The purpose of this 

report is to provide an overview of the completed QA/QC along with the findings resulting from 

the investigation of weather station and stream discharge. 

 

STUDY LOCATION 
This work was focused in the upper Rio Nutria- a stream in the Zuni Mountains of New Mexico.  

The area of interest was the watershed above the Rio Nutria near Ramah gage station.  The ZWS 

is located in the uppermost part of the Rio Nutria watershed, approximately 6 miles northeast of 

the Rio Nutria near Ramah gage station (shown in Figure 1).  Between the ZWS and the USGS’s 

Rio Nutria gage site, are three areas in which nested water level censors have been placed in 

recent years: Agua Remora, Tampico Draw, and Cottonwood Gulch. 
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Figure 1: Rio Nutria site map 

 

 
QA/QC OF ZUNI MOUNTAIN WEATHER STATION 
 
The ZWS is located at 8100 feet above mean sea level.  The ZWS has been in operation since 

July 23, 2014 and collects the following data at hourly time steps: precipitation, average wind 

speed, maximum wind speed, minimum wind speed, average wind speed wind direction, fuel 

moisture, fuel temperature, barometric pressure, air temperature, dew point temperature, relative 

humidity and net radiation data.  QA/QC was completed for the period of July 23, 2014 to 

January 11, 2017  

 

Upper Nutria Diversion Reservoir 
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Table 1: Summary of Corrections 

Data Type Missing Outliers 

Precipitation 3 160 

Wind Speed 3 0 

Wind Direction 3 0 

Net Radiation 93 0 

Barometric Pressure 3 6 

Relative Humidity 3 0 

Dew Point Temperature 3 0 

Fuel Temperature 3 0 

Fuel Moisture 3 8 

 
All ZWS data were checked for missing time steps and outliers, and the number of 

each is presented in Table 1.  Each data type was impacted at 3 of 21674 time steps 

due to weather station maintenance.  When data were missing, the missing values 

were interpolated with the exception of precipitation (which was assumed to be 

zero) and dew point temperature, which was calculated with relative humidity and 

air temperature.  Once all missing values were corrected, I then checked for 

outliers.  The presence of outliers was most prevalent in the precipitation data due 

to high winds moving the tipping bucket.  False positives precipitation events were 

evaluated by comparing wind speeds, relative humidity and net solar radiation.  

Once false positives were removed, the precipitation was corrected for undercatch 

using methods approved by the World Meteorological Organization.  Outliers were 

also present in a small number of the barometric pressure and fuel moisture data- 

these were corrected with linear interpolation. 

 
PRECIPITATION AND DISCHARGE RELATIONSHIPS 
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Discharge and water level data were collected from the US GS and FSG.  Available data are 

described in terms of their site names, periods of record available, and data type in Table 2.  

When possible, the records at one level logger per site were matched with the associated period 

of record for the ZWS.   

 

Table 2: Available discharge and water level data on the Rio Nutria 
Site PERIOD(S) OF RECORD Type 

Rio Nutria nr. Ramah (09386900) 10/23/2015 to Present Discharge 

Cottonwood Gulch  4/7/2015 to 10/26/2015 Water level 

Tampico Draw- above  
mid 
below 

6/5/15 to 10/3/15 
4/16/15 to 10/3/15, 6/21/16 to 10/25/16 
6/26/15 to 10/3/15, 6/21/16 to 10/25/16 

Water level 

Agua Remora  6/21/2016 to 10/25/2016 Water level 

 
 
 
RIO NUTRIA NR. RAMAH & ZWS 

The USGS’s Rio Nutria gage station is the furthest downstream on the Rio Nutria of all the sites 

evaluated for this work, and therefore provides a larger scale picture of precipitation-runoff 

relationships in the Rio Nutria watershed.  Discharge at the Rio Nutria near Ramah for the period 

of October 2015 to December 2016 was plotted in terms of its frequency of occurrence as seen in 

Figure 2.  Over 98% of discharge measurements in the evaluation period were below 0.5 cfs.  

Additionally, there were only four discharge events that exceeded 1 cfs.  Discharge was then 

aggregated to monthly time steps because of the regularity of discharges below 1 cfs and are 

presented as log of total monthly discharge. The discharge data was paired with ZWS 

precipitation data, shown in Figure 3, to get a feel for discharge and precipitation relationships 

on the Rio Nutria.  From Figure 3, it becomes fairly clear that there is a monthly log base 

discharge with a value near 6.  2015 did not contain precipitation events large enough to increase 

monthly discharge totals.  This is likely due to drought during the 2014-2015 winter and the 

cumulative effect of previous years of drought.  All four of the previously mentioned discharge 

events occurred in 2016, when there was an increase in precipitation events during the second 

half of the year resulting from a wet monsoon season and the early onset of winter. 
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Figure 2: Frequency of discharge on the Rio Nutria from October 2015 through December 2016. 

 
Figure 3: Monthly comparison of Precipitation and Discharge  
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The combined precipitation and discharge data set was broken into seasons, where winter was 

defined as December through February, spring was defined as March through May, summer was 

defined as June through August, and fall was defined as September through November.  Log of 

total monthly discharge was plotted against total monthly precipitation in Figure 4.  The limited 

period of data meant that, when broken down by season, there were only 3 to 5 points per season.  

Linear regression of total monthly discharge and total monthly precipitations was completed for 

each season and was found to be best when month was included as an indicator factor (see Table 

3 for regression results).  However, there are several things that need to be pointed out.  The first 

is that Table 3 shows the r2 values (a measure of model fit with 1 being a perfect fit and 0 being a 

poor fit) for spring and summer are 1, and is due to the model fitting a line to only two points.  

For fall, all of the points were clumped together and caused the prediction of a negative 

precipitation to discharge relationship.  This can be improved with additional data collection, 

however, at this time the fall model should be considered invalid.   For spring, summer and 

winter the regression models (see Figure 5) should be taken as an initial estimate and improved 

as more data is collected.   

 
Table 3: Linear Regression of Log monthly total discharge in terms of total monthly precipitation 
Season r2 Intercept Slope of 

log(Discharge) 
Slope M1 Slope M2 Slope M3 

Fall 0.39 4.92 -0.58 0.03 -0.23 NA 
Winter 0.44 -3.23 0.58 0.19 NA 0.53 
Spring 1 -2.76 0.49 0.95 NA NA 
Summer 1 -11.61 2.26 NA 0.85 NA 
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Figure 4: Precipitation and Discharge by season 
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Figure 5: Precipitation and Discharge by season with fitted with regression line 

 

 

MONTHLY METEOROLOGICAL DATA COMPARISON 
Figure 6 shows the ZWS monthly meteorological data in cross-comparison by season, where 

Total_Prec_in is total precipitation in inches, Avg_Rad is average net radiation in W/m2, 

Avg_Temp_F is average temperature in Fahrenheit, Avg_RH is average relative humidity in 

percent, Avg_WS_mph is average wind speed in miles/hour, Avg_BP_inHG is average 
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barometric pressure in inches of mercury, Avg_FM is average fuel moisture in percent, 

Avg_Fuel_TempF is average fuel temperature in Fahrenheit, and Avg_DPT_F is average dew 

point temperature in Fahrenheit.  Season is indicated by dot color, where black is fall, blue is 

winter, green is summer, and red is spring.  While there do not appear to be clear linear trends 

between total monthly precipitation and other variables, except for average relative humidity 

(Avg_RH) and average fuel moisture (Avg_FM), season exerts strong control in the relationship 

between precipitation and the other variables, as one would anticipate.  Specifically, the monthly 

average points, colored in terms of season, tend to cluster together. 

 

Monthly ZWS data was paired with total monthly discharge for the Rio Nutria USGS stream 

gage for the months of October 2015 to December 2016.  In order to develop a model for the 

relationship between total discharge and the meteorological variables, it would be helpful to use 

a variable selection method.  Once variable selection was completed, as pictured in Figure 7, it 

was found that nearly all of the variables would need to be included to get the highest possible r2 

value of 0.52 and that there are five different models that would achieve similar results.  The 

problem with fitting a linear model using any of the proposed models however in Figure 7, is that 

there are almost as many variables as there are data points. Any one of the models selected 

would be overly sensitive to the brief period of record and less likely to make reasonable 

estimates of monthly discharge over the long term.  
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Figure 6: Cross Comparison of Meteorological Data by Season 

I
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Figure 7: Variable Selection Plot 

 

 

WATER LEVELS AT AGUA REMORA, TAMPICO DRAW, AND 

COTTONWOOD GULCH: 
The FSG collected water level, stream temperature and conductivity primarily in the summer 

months during 2015 and 2016 at Tampico Draw, Agua Remora and Cottonwood Gulch.  Water 

levels were modified by subtracting the minimum value at each station, and then subtracting the 

modified mean value from the water levels to evaluate how water level varied as shown in Figure 

8, Figure 9, and Figure 10. All of the water level data provided was assumed to be in meters, 

although it is possible that the TNC data from “At Tampico Draw” represented in Figure 8 is in 

feet or other units, this also applies to Cottonwood Gulch and Agua Remora. 
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Figure 8: Water levels at Tampico Draw 
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Figure 9: Water Levels at Agua Remora in 2016 

 
 

Figure 10: Water Levels at Cottonwood Gulch in 2015 
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RECOMMENDATIONS: 
While evaluating the available data for the ZWS and the Rio Nutria, it became clear that 

providing a list of recommendations might be more helpful than an overview of the work 

completed.  In general, the data record for the ZWS is complete and should continue to be run in 

the same manner.  However, the combination of a limited period of record, particularly for Rio 

Nutria stream data makes it challenging to improve understanding of hydrological processes.  

The recommendations below are meant to be used to support efforts to understand hydrological 

processes. 

1.) Continue data collection at Tampico Draw and the ZWS.   

One of the largest issues related with the data available is the short monitoring record.  

Continuing data collection at existing sites will improve understanding of long term 

trends and effects of forest management on the Rio Nutria.  Specifically, with more data 

available a robust estimate of discharge from future climate conditions is likely to be 

developed 

2.) Establish Database for all Zuni Mountain Meteorological and Hydrological Data. 

All data collected by FSG should be input into a database. Additionally, stakeholders and 

scientists should be encouraged to share their data and findings to be part of the database 

as well.  Creating a shared database is likely to increase the knowledge of stakeholders 

and scientists interested in supporting the CFLRP and other future forest management 

and restoration efforts. 

3.) Consider installing permanent/semi-permanent structures to protect equipment and 

improve existing data record.  Installation of a simple stilling well to protect equipment 

and possibly adding fencing in areas of trouble is likely to reduce vandalism issues.   

4.) Establish Stage-Discharge Relationship at Tampico Draw and any future water level 

stations. There are a couple of options: 1) fitting and installing a parshall flume in 

conjunction with level logger, or 2) repeated discharge measurements at varying flows 

for each station. 

5.) Prolong data collection in Rio Nutria from summer and early fall to at least spring 

through fall. It is likely that expanding the annual period of data collection in 

combination with the other recommendations (at least #4) will improve understanding of 
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the relationship between precipitation and runoff in the upper Rio Nutria during the 

snowmelt period and winter months. 
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Appendix: Data Cleaning Notes 
Days of field visits: 
4/20/15- affected all data 
 
Radiation 
 
93 missing radiation values were present in the original data.  All missing radiation values 
occurred between 11:00 and 15:00.  Tend to occur from April to August and a portion of the 
missing values likely coincide with field visits. 
 
Relative Humidity 

 
 
3 missing values were present in the relative humidity data set.  They occurred on 4/20/2015 
from 10:00 AM to 12:00 PM. 
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Wind Speed 
 

 
 
3 missing values were present in the wind speed data set.  They occurred on 4/20/2015 from 
10:00 AM to 12:00 PM. 
 
Barometric Pressure 
 
3 missing values were present in the barometric pressure data set.  They occurred on 4/20/2015 
from 10:00 AM to 12:00 PM. 
 
Values at timesteps 1, 1635, 1636,6506,6576,9602 were deemed outliers.  The outliers were 
removed and replaced with interpolated values  
 
TimeStep Date and Time 
1 2014-07-23 12:00:00 
1635 2014-09-29 14:00:00 
1636 2014-09-29 15:00:00 
6506 2015-04-20 13:00:00 
6576 2015-04-23 11:00:00 
9602 2015-08-27 13:00:00 
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Precipitation 
 
3 missing values were present in the precipitation data set.  They occurred on 4/20/2015 from 
10:00 AM to 12:00 PM. 
 
Additionally, several rules were used to establish false positives.   
 

1.) When average wind speed was > 2.5 MPH and RH < 30%, events with P > 0, were set 
equal to 0. 

2.) When average wind speed was > 2.5 MPH and RH < 60%, and Radiation was high for 
time of day, events with P > 0, were set equal to 0. 

3.) When average wind speed was > 5 MPH, RH, Net Radiation were checked to see if a 
precipitation event was reasonable.  If not, precipitation was set equal to 0.  

 
 
Fuel Moisture Average 
 
3 missing values were present in the fuel moisture data set.  They occurred on 4/20/2015 from 
10:00 AM to 12:00 PM. 
 
Similar to barometric pressure, fuel moisture was impacted at several time steps by occurring 
field visit or by an unknown cause.  However, these missing data occurred for less than 1% of 
the collected data. 
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TimeStep Date and Time 
1 2014-07-23 12:00:00 *Field Visit 
1635 2014-09-29 14:00:00 *Field Visit 
1636 2014-09-29 15:00:00 *Field Visit 
6504:6506 2015-04-20 11:00:00 *Field Visit 
6576 2015-04-23 11:00:00  *Unknown Cause 
9602 2015-08-27 13:00:00 * Unknown Cause 

 
Average Dewpoint Temperature 
 
3 missing values were present in the fuel moisture data set.  They occurred on 4/20/2015 from 
10:00 AM to 12:00 PM.  Missing dewpoint temperatures were calculated using estimated relative 
humidity and air temperature. 
 


