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1) Please define GPP, NPP, NEP respectively. (9 pt)

2) Scientists use eddy-covariance tower to measure Net Ecosystem Exchange (NEE), which is a measure of CO» fluxes between the
ecosystem and its surrounding environments. Does NEE equal to GPP or NPP or NEP? Why? (6 pt)

3) View the latitudinal distribution of the global NPP below. A is global average, B is land average, and C is ocean average. Different
lines indicate different seasons as explained in the figure captions. Please describe the latitudinal distribution patterns for NPP for land
(5 pt) and ocean (5 pt) respectively. You may have noticed that for both land and ocean NPP, there is a local minimum around 20-30
degree N/S. Do they have similar or different reasons? Please explain. (10 pt)

NPP (Pg C/degree)

60N 30 G 305 803
Latitude (degrees)

@ield eral 1958)

Figure 2. Latitudinal distribution of the global NPP in Fig. 1. (A) The globad toral gang plus orean) KPP {schd ling), fand total NPP
{dotted fine), and ocean totat NFP (dashed line). (B} Land NPP: April to june (solid line), July to Seprember (dotted ting), Octaber 1o
Becember {short dashed line), and januaty to March {long dashed line). (C) Ocean NPP: The four seasonal periods are as in (B). The
seasonal ioformation is available as maps at htue$ Sares soencemag o ifealniie (ar /o5 246 ohy

4) Now compare the latitudinal patterns of carbon storage on land in the following figure. The areas above 0 on the y axis is'carbon
storage above ground, and the areas below 0 on the y axis is carbon storage below ground {or soil organic ca}rbon SOC for dlfferfznt
depths shown in the figure caption). Summarize the similarity and differences between the two (5 pt), explain what processes qnve the
similarities and differences (5 pt). How would we predict future changes in carbon storage under the direct influence of CO2 rise and
global warming (5 pt)?
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The latitudinal patterns of terrestrial carbon stocks, both aboveground living plant biomass (green) [data from Gibbs ez a/. ({1/4)} and

soil carbon stocks (brown) [data from Hengl ef al. (18)].
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5) (10 pts) Please describe in detail how the atmospheric composition changed, starting from the Earth formed to now.
6) Table A lists the major redox processes occurrin
activity, and pH = 7. In the ecosystem, animals and microbes usually perform respiration throu
to get energy and release COz. Dependent on the environment, different processes will be performed.
(a) (6 pts) Above the ground and near the surface la
reaction for aerobic respiration and calculate AEY(w) (using CHz0 as the reactant).
(b) (10 pts) Below the surface (anoxic(#k £,) conditions), other respiration processes,

methanogenesis, might become significant. Please write the overall reaction for d
calculate AE%(w), respectively.

{¢) (12 pts) Given your listed reactions above
keal per electron), using AG® = - ZFAEY(w
their Gibbs free energy, and explain how t
observed profile shown in Figure A.

(d) Niuification is the biological oxidation of ammonium to

conditions.

(i) (4 pts) Please write the nitrification net reaction with a reactant of ammonium and the final product as nitrate.

(i) (8 pts) If global net primary productivity on land is 60x 1015 g Clyr,
is the upper limit (i.e., maximum estimate) of oxygen used every year in microbial nitrification?

g in the sediments and their redox potential (£,°(w), in volt) at 25 C, 1 atm, unit
gh the oxidation of carbohydrates

yer, aerobic(# #,) respiration is a major process. Please write the overall

(in a&b), please estimate their Gibbs free energy yield per electron (in the unit of
) (z is the number of electrons, F is Faraday’s constant 23.061 keal/volt). Compare
his would control the oxidation/reduction sequence in the sediments with the

nitrite, followed by the oxidation of nitrite to nitrate under aerobic

Log K, pel, and Efiw) of Redox Processes® —

Reaction Efny

() 10dg) + HE + - = 1,0 +0.81

(2) INOy + SHY + ¢- = ENyp) + 3HO +0.75

(3) AMnOs) + $HCOTA0-M) + 3 + o~ = IMuCO(s) + JHO 1013

4 INOT + HY + = = INO;7 + JH,O +0,42

) INOF + JHF + o = INHEF « JH,0 0.3

Crglanic e:ﬁt\w.m 4 ) éNO}' - §H+ o= éNHf & §H10 +0.34

R 1) {CHOH + HY 1 e* = iCH @ + O Ay

sl K o (8) {CHO + HY + o= = [CH4g + 11,0 +0.00

g " S 19) FeQOH(s) + HCOF(107340) + 2H* + ¢ = FeCO(s) + 2,0 ~0405

g “CH, (0 ICH,0 + H* + e~ = ICH,OH ’ ~0.48

£ (1) 4503 + 3H% + o = 180} + $H,0 -020

z “. s (1) 1803~ + H* + e~ = {8 + iH,0 -0.21

. » e ) {33) {501 + $H + - = JHS" + IH,0 -0.22

g T () 4560 ¢ HY 4 o = St -0.24

"o T a7 e L s (15) iCO4D + H* + e~ = JCHA + IH,0 ~0.24

Mam‘?‘ﬁ:aﬂmﬂmdm ORd;l::gi(:saH profile tis) }.N:(g) + j\iH' T eT = JNH" -0.28

. (170 NADPY) + I = o~ = {NADPH) -0.33

Figure A. the concentrations of reactants and products A8 HE e o o e ol

of terminai decomposition pathways are shown for a (19) Oxidized ferredozin + ¢~ = reduced ferredosin o4z

wetland sediment over time following flooding. 200 €O + H* + o < ftelucose) + IHO ~0.43

Rotating the figure 90° to the right shows the pattern (21) 4HCO0~ + H* + ¢~ = ICH0 + IH,0 045

of substrate concentrations (and the order of metabolic 20 {004 + He + e = ICHO + 11,0 ~0.48

pathways) with depth in a soil profile. 123) {00y + 31 + e~ = dHCOO" ~0.49
Table A.

Eealigt it

such as denitrification, sulfate reduction, and
enitrification and sulfate reduction, and

and the average C/N ratio of plant biomass is 160, what




