Santa Fe Watershed Fire History
INTRODUCTION
· Throughout the forested American West, concern over the probability of large and severe wildland fires is increasing.

· Forty percent of the municipal water supply for the City of Santa Fe, New Mexico, comes from the Santa Fe River watershed to the east of town in the Sangre de Cristo Mountains.

· Memory of Cerro Grande and additional concern in Santa Fe that fire would provoke erosion and downstream flooding, degradation of water supply. (McCord and Winchester 2004; maybe Hardaway and Thompson 1962)
· Severe and sustained droughts have occurred and will occur. Drought is not historically unique—water and resource use in this era is historically unique/unprecedented.

· The USFS and City, in cooperation with other agencies, are actively and adaptively managing the SFW to restore ecological resiliency and thereby mitigate fire hazard and increase other wildland values. (EIS)
Prior Fire Research:
Margolis et al 1998, Allen 1989, Baisan and Swetnam 1997, Grissino Mayer et al 2004, Touchan et al 1995, Touchan et al 1996
Vallecito, Round Mountain,
Anderson, Bair sediment coring
Objectives:


Begin to fill geographic gap in fire history in the Sangre de Cristo Range

Document landscape patterns of SFW fire history


Hypothesize balance of climate and human influence on fire history

Applicability

· Management objective: manage watershed for sustainable water yield and fire resilience

· Air quality standards could reflect historical levels

METHODS

Study Area

· Designation by Wilderness Act

· Area of watershed, lower watershed, search area
· 40% Santa Fe water
· Santa Fe population

[Should land use history go here, or be summarized in the Discussion? Maybe put a brief overview here?]
Field Methods


We used a targeted sampling approach to collect fire history samples at eight sites approximately 1 ha in size along an elevation transect on opposing sides of the lower Santa Fe Watershed. Four plots are located near the apex of a south-facing ridge that ascends from McClure Reservoir to the Watershed boundary at the head of Black Canyon drainage in the adjacent Little Tesuque Watershed. Four plots are located on the north- to northwest-facing ridge that forms the eastern edge of the Agua Sarca drainage, ascending from just downstream of McClure Reservoir to the Watershed boundary at the Apache Canyon headwaters of the Galisteo Watershed.


The transect was extended into the two adjacent watersheds, Black Canyon to the north and Apache Canyon to the south, and one site was collected in each of these watersheds. Samples were also taken at additional locations throughout the Watershed but are not quantitatively analyzed here because of low sample depth. These samples will support future environmental history work in this Watershed.

General site and vegetation descriptions were collected to enhance site history interpretation.

Laboratory Methods


Sample preparation followed standard procedures: samples were sanded and dated, to the season, if possible (Stokey and Smiley 1968). Crossdating was verified using regional reference chronologies (NM I/J; Dean and Robinson 1978?). We entered the fire scar data recorded in the samples into the Fire History Database developed by Richmond (2004) then exported to FHX2 format files for graphical and statistical analysis (Grissino-Mayer 2001). 

Statistical Analysis of Temporal and Spatial Patterns

Adjacent sites were variously grouped to increase sample depth for statistical analyses. Based on visual interpretation and historical context, we grouped time period of similar fire occurrence and human use history and statistically compared these periods. Spatial comparisons between the north- and south-facing plots (and high and low elevation plots? Sample size not enough).
…using FHX2 fire history software (Grissino-Mayer 2001).


I calculated measures of central tendency for the unfiltered and filtered (10%, 20%, 25% of recording trees scarred). Assuming that widespread fires scar more trees, such fire event filtering retains only events inferred to be “widespread.” Widespread fires are most crucial to management considerations. 

To assess the concurrence of fire across watershed boundaries, we compared fire dates of plots within the watershed and the two aforementioned plots located just south and north of the Watershed.
Climate-Fire Association

Superposed epoch analysis using the EVENT program (Holmes citation) determined the correlation between interannual variability in available moisture and fire occurrence. We used a PDSI reconstruction (point 133) from the North American Drought Atlas (Cook and Krusic 2004) and 10% filter fire years for this analysis.
RESULTS

[should Results and Discussion go together or separately?]

The trees sampled across the McClure Reservoir transect spanned the last seven centuries (1296 is the earliest sampled inner date, and older remnants exist). The period of analysis, from 1600 to 2004 (1600 chosen based on sample depth), was completely within the period of historical Spanish and American influence. Fire burned frequently in the 1600s, with an increase in fire-free intervals in the latter part of the century. Fire occurrence is greatly reduced after the 1842 fire. 
Temporal and Spatial Patterns

The pattern of fire occurrence in the Watershed changes considerably through time. The 1600s are a time of frequent fires (short interval between fires). During the late 1600s, frequency drops off and longer intervals persist for nearly two centuries (Figure X). The 1842 fire is the last fire that appears in a 10% or greater occurrence filter—the last 160 have been relatively fire free. That is not to say that fires did not burn in the watershed. There is plenty of evidence that these forests have ignited consistently from 1842 to the present, but there have not been any widespread fires that were recorded along the plot transect. For example, site CZ (not along the transect; located just south of the Nichols Reservoir Dam) recorded fires in 1883, 1931, and 1966 (two or more trees recording).

Dividing the period of analysis around the 1680 Pueblo Revolt, we find that the mean fire intervals are significantly longer from 1680 to 1849 (15.7 years) than pre-1680 (6.4 years; 10% scarred, 2 sample minimum; t18 = -4.1031; p = 0.0007) though the variance in the interval distributions are the same (folded F9,9 = 1.3430; p = 0.688).

The mean fire intervals of the south-facing (11.5 years) and north-facing (15.0 years) sides of the Watershed, though different, are not statistically so [unexpected] (t34 = -1.0353, p = 0.3047; 1600-2004, 2 sample minimum). Though fire number was too low to statistically compare higher and lower elevation sites, visual inspection does not reveal any identifiable patterns.

Current thinning and fire break operations along the Watershed boundary ridge does is intended to decrease the likelihood of fire from adjacent watersheds spilling over the ridge. Historically, there is concurrence between fire years among sites along the boundary. Along the northern boundary, six of the ten fires recorded on the north side (site FR, in the Black Canyon drainage) were also recorded at the highest site inside the Watershed (site NH, inside the Watershed). Along the southern boundary, seven of ten fires recorded on the north side of the boundary (site BF, inside the Watershed) were also recorded just south of the boundary (site AP, in the Apache Canyon drainage). At this location, it is also worth noting site AP is an open, grassy, ponderosa pine forest. Just over the ridge, site BF is a thick mixed conifer stand with standing snags. Both recorded the 1842 fire, but it seems to have burned with different intensities at the adjacent sites. 
· On south-facing sites, which record more frequent fires, the period 1749-1778 is fire-free (late 1700s wet period from Grissino-Mayer?) 

· no early 1800s fire hiatus though
Climate-Fire Analysis Using Superposed Epoch Analysis

Climate analysis also reveals a pattern change centered around 1680. Analyses for the entire period of record (1296-2004) and the period of analysis (1600-2004) both reveal a pattern of dry conditions two and three years proceeding a fire (Figures ?a and ?b). However, fires from 1600-1679 were more only immediately preceded by a dry year while from 1680-2004, fires were preceded by two and three years by dry conditions. 

Figure: Map of transect sites

Change names—just use south-facing and north-facing
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Figure X: Chronology of the eight transect plots in geographic order from north to south; the first four plots descend in elevation from the Watershed boundary to McClure Reservoir, the last four plots ascend the Watershed’s north-facing south side.
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Figure X: Site chronologies from each of the 8 transect sites, in geographic order from north to south.
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Table: Fire Interval Analysis Statistics for pre- and post-1850

2 sample minimum with varying filters
[image: image3.emf]interval Weibull

number MFI MedFI MedInt MinInt MaxInt sd cv

Entire Transect

all scars 29 8.34 8.00 7.93 1 16 4.23 0.51

10% scarred 21 11.52 8.00 10.43 3 31 7.61 0.66

20% scarred 14 17.29 15.00 15.81 3 40 10.63 0.61

25% scarred 13 18.62 15.00 17.54 6 40 10.49 0.56

South-Facing Sites (north side of Lower Watershed)

all scars 21 11.52 8.00 10.34 3 31 7.76 0.67

10% scarred 21 11.52 8.00 10.34 3 31 7.76 0.67

20% scarred 20 12.10 9.50 10.99 3 31 7.76 0.64

25% scarred 20 12.10 9.50 10.99 3 31 7.76 0.64

North-Facing Sites south side of Lower Watershed)

all scars 15 15.07 16.00 13.92 1 32 7.87 0.52

10% scarred 15 15.07 16.00 13.92 1 32 7.87 0.52

20% scarred 7 32.29 32.00 31.70 16 56 14.73 0.46

25% scarred 6 37.67 26.50 33.49 16 94 29.47 0.78

interval Weibull

number MFI MedFI MedInt MinInt MaxInt sd cv

Entire Transect

all scars 5 8.80 6.00 6.39 1.00 18.00 8.17 0.93

10% scarred none ∞ ∞ ∞ ∞ ∞ -- --

20% scarred none ∞ ∞ ∞ ∞ ∞ -- --

25% scarred none ∞ ∞ ∞ ∞ ∞ -- --

(sample size for South is low: 4 in 1600, 10 in 1625, 10 recorders in 1644)

Fire Interval Analysis Statistics, 1850-2004

Fire Interval Analysis Statistics, 1600-1849


Figure: Fire Seasonality Distribution by Century
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Figure Xa
[image: image5.emf]Superposed Epoch Analysis

transect: 10% scarred, 2 samples, fire years from 1296-2004, n=26
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Figure Xb
[image: image6.emf]Superposed Epoch Analysis

transect: 10% scarred, 2 samples, fire years from 1600-2004, n=22
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Figure Xc
[image: image7.emf]Superposed Epoch Analysis

transect: 10% scarred, 2 samples, fire years from 1600-1679, n=10
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Figure Xd
[image: image8.emf]Superposed Epoch Analysis

transect: 10% scarred, 2 samples, fire years from 1680-1849, n=11
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