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We appreciate the reviewer's comments. We have added several discussions regard-
ing the measurement uncertainty in the revised manuscript. The analytical precision of
filter measurements has been well established in the referred literature (Chow, 1995;
Chow et al., 2004). For gases, they were established from the calibration process. In
the Method section, we added—

“Least quantifiable limits (LQLs) were established with dynamic blanks through the
same sampling channels but in the absence of combustion. Measurement precision is
<10% for concentrations greater than 10 times the LQLs”— in Section 2, 5th paragraph.

“The detection ranges (10-s average) were 0.001-10, 0.1-3000, and 1—10000 ppmv
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for the TECO, Li-Cor, and Midac analyzers, respectively. The precision of gas mea-
surements is estimated to be <5% if they are within the instrumental detection range.
All our experiments met the condition”— in Section 2, 6th paragraph.

However, the analytical precision does not take into account gas or particle losses in
the sampling line, in the Results and Discussion, we added—

“NH3 from the TECO 17C correlated reasonably with those of filters (r = 0.83), but
the TECO 17C values were lower by an average of 21% and as much as 80%. This
most possibly results from the loss of NH3 in the Teflon sampling tubing and to the pre-
analyzer particle filter (e.g., Mukhtar et al., 2003). EF calculations (i.e., Table 1) were
therefore based on filter measurements which deployed much shorter/larger diameter
tubing from the plenum. CO2, CO, and NOx adsorption on Teflon surface are generally
negligible”— in Section 3, 2nd paragraph.

“NH3 concentrations in Figure 6 (from TECO 17C) may be biased low as the averaged
NHS3 for these two burns are ~10% lower than those measured on filters. They are only
discussed qualitatively below”— in Section 3.3, 1st paragraph. “The burn-averaged
particle volume concentration correlates well with PM2.5 mass measured on Teflon
filters (r = 0.90, across all the samples) with a mass/volume slope of 1.01 +/- 0.08
g/cm3.— in Section 3.3, 3rd paragraph.

Note that the continuous ammonia measurements are only used for qualitative dis-
cussion in this paper, which has been clarified. Since the natural variability of EFs,
according to replicate burns, usually exceeds the EF uncertainties estimated from the
analytical precision, we decided to report the EF uncertainties from the standard devia-
tion of replicate experiments. This is consistent with McMeeking et al (2009), who also
based EFs on 2 — 3 replicates. Table 1 has been revised to show the mean +/- stan-
dard deviation. Figure 3 is added to illustrate the dependence of EFs on fuel moisture
content under the context of replicate uncertainty. We found the dependence is more
significant for plant leaves and duff.
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1 Table 1. Time-integrated combustion efficiency (CE) and emission factors® for major C and N species as well as PM,s from
2 controlled burning experiments.

" Downed Material Aboveground Shrub 1
Plant Species Composite Bitterbrush A Squaw Carpet I nteractive
Parameter\Fuel Type Litter Duff Sol Leaves Stems Loaves Stems Leaves Stems
Carbon %" 50% 32% 3% 52% 6% 99% 8% 7% 50% Comment
Burned %° 92% 52% 9% 92% 81% 90% 98% 83% 9%
CcE 0944001 0924002 0864002 | 0934001  094#000 0914001  094#000 0924001  0.92+000
co 126.2+12.7 140.6 £27.3 297.3+48.2 1126 £30.3 127.4+88 113.2+435 1284 £6.7 1445+223 162.1+8.9
oc? 25402 93467 14,9444 91+18 64420 212+7.9 55406 11.3+02 47401
Moisture EC° 46403 57401 07402 154427 29403 15,9439 20404 81408 25405
Level 1 (Dry) PMys® 81409 18.3£10.2 N 271458 18.0£38 475141 87404 25.3+32 145411
NO, 59+0.3 49+0.9 09+0.2 9.1+28 91+1.0 7.1+3.0 54+1.0 7.7+15 10.5+0.8
NH,® 1311 37424 1546.1 77424 3408 40+16 . 68416 56+0.1
NOs* 0.04£0.01 0.03+0.02 N.D. 0.05+0.01 0.12+0.00 0.16 £ 0.04 0.12+0.00 0.07 +£0.00 0.09+0.02
NH,™ 005001  0.06+0.03 N.D. 0041000  004+001  004+000  003+000 005000  008%0.00
OPN°® 0.24 +0.19 0.44 + 0.35 0.31+0.23 0.40+0.11 0.31+0.12 0.47 +0.21 0.09 +0.03 0.45 + 0.04. 0.28 + 0.01
Moisture” 10% 10% 10% 73% 39% 20% 39% 6% 4%
Burned %° 72% 47% 10% 88% 66% 73% 53% 69% 92%
CE 0794006 0704007  0.80+0.06 | 088+0.01  082+006 0724003  086+0.11 0674009  0.86+0.06
co 253.2+59.8 4449 +68.1 431.4+143.8 11321424 261.3+44.0 97.56+76.7 107.1+24 77.7+57.7 108.1 + 96.0
oc? 908+349  1109+415 175410 | 661+9.9  666+361  2360+624 628+641 20221151 926184
Moisture EC® 52403 1.0+0.1 15+05 7.3+4.0 37+07 56+1.1 23+1.2 85+32 26+03
Level I PMys° 160.556.2  1439+62.2 N 96.9+183 1193737 2149+841  049+913  270.8+684 109.6%327
NO, 64+15 67+1.4 28+08 9.9+4.0 13.0£3.1 22+29 29+12 40+54 10.7+7.9
NH, ® 43+17 267140 247466 | 102415  107+09  10.0405 38405 11.9+4.1 11,0454
NOs* 0.17 £0.00 0.13+0.01 N.D. 0.23+0.02 0.20 +0.02 0.08+0.03 0.08+0.01 0.23+0.04 0.20+0.01
NH* 024+0.04 015001 ND. 0104000 003002 0312009  005:006  028+011  006+001
OPN°® 1.62+0.59 3.57+1.50 0.99 + 0.26 2.03+0.05 1.39+0.68 4.4+1.42 1.07 +1.33 7.70 + 3.28 2.17+0.46
Moisture® 20% 20% 20% 84% 57% 60% 52% 66% 57%
Burned %° 80% 45% 9% 86% 78% 68% 92% 65% 20%
CE 0.74+0.10 0.69+0.07 0.82+0.01 0.51+0.07 0.84 +0.04 0.62 +0.09 0.87 +0.00 0.7240.01 0.88 +0.08
co 31361058 4076202 35774159 | 2156+31.1 21684604 1342435 1885+251 1426+223 133.1+1026
oc*® 116.6 £+ 48.8 131.1 £59.2 22.1+08 393.6 + 54.1 67.8+11.1 3153+ 111.1 43.1+£58 2104 £20.2 61.5+39.7
Moisture EC° 76449 11402 23409 53405 36401 77413 26410 48400 27407
Level Il PMgs® 179.9 £54.7 208.9 +56.2 N.| 768.7 +43.2 99.5+4.4 493.8 £ 231.9 61.5+38 387.2+31.1 129.1 £435
NO, 84125 38402 54401 96420 75405 27420 47405 64422 91423
NH, © 53+0.4 177£59  245:180 | 19.1%14  109+18 101404 38+00 95408 9.7+49
NOs* 0.20 £ 0.05 0.09+0.03 N.D. 0.28+0.11 0.18+0.02 0.12+0.00 0.11+0.01 0.14+0.03 0.13+0.08
NH,™ 030+0.11  0.15+0.06 N.D. 032+0.11  006+001 042014  007+001  018+000  005+0.03
OPN°® 1.59 + 0.56 3.36 + 1.40 0.60 + 0.07 11.83 + 0.53 1.59 + 0.39 4.32+1.52 0.66 + 0.04 4.43 + 0.36 1.33+0.76

Fig. 1. Revised Table 1.
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Fig. 2. New Figure 3.
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Figure 3. Emission factors, by fuel type, as a function of fuel moisture level, based on data

presented in Table 1 (all the leaf and stem data have been combined).
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