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Figure S1. Biomass information from CGLS. (a) mean and (b) standard deviation of vegetation fraction (Fv); (c) mean and (d) standard deviation of leaf area index (LAI) over CMA between May 1st to Aug 31st 2016 derived from CGLS database with 10-day temporal interval and 300m spatial resolution.
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Figure S2. Diurnal cycle of total CO2 flux (Fc, blue line) measured at the eddy covariance towers (a) US-IB1 (41.8593oN, 88.2227oW) and (b) US-IB2 (41.8406 oN, 88.2410 oW) and the modeled Reco from nighttime ecosystem respiration (yellow line). The shaded areas along the curves indicate one standard deviation from the mean during the study period. The gray shaded areas show the nighttime between 00:00 - 04:00 and 20:00 - 00:00 local time.
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Figure S3. Location of the ground weather stations providing the long-term climate normals. 
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Figure S4. Same as Fig. 5 but with all land use categories. (a) Rate of exchange and (b) total exchange in heatwave numerical experiment. (c) Rate of exchange and (d) total exchange in irrigation numerical experiment. Blue, green, and orange colors represent NEE, GPP, and Reco, respectively.
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Figure S5. Maps of the impacts on soil water content and temperatures from environmental and anthropogenic perturbations. (a-c) Impacts of heatwave on soil water content (SWC), air temperature (T2), and soil temperature (Tsoil), respectively; and (d-f) impacts of irrigation on SWC, T2, and Tsoil respectively. The color bars are adjusted for each subplot. Cool colors (green and blue) indicate positive environmental impacts (more soil water and cooler environment), while warm colors (yellow and red) indicate negative environmental impacts (less soil water and hotter environment).



Text S1: We denote the increase of soil water content as the “moisturizing” effect of irrigation in Group 2 of Fig. 8, while the decrease of temperatures is denoted as “cooling”. In Zone 3, we observed dNEE < 0 (Fig. 6d), but the decrease amount is not as much as Zone 1, therefore EBS(dNEE) = +1. Meanwhile, dGPP > 0 and dReco  0 for Zone 3 (Fig. 6e&f), indicating EBS(dGPP) = +1 and EBS(dReco) = 0. Here, dGPP is a combination of dGPP from moisturizing (subscript “M”) and cooling (subscript “C”). The only combination that can achieve EBS(dGPP) = +1 is when EBS(dGPPM) = +2, while EBS(dGPPC) = -1. Similarly, to achieve EBS(dReco) = 0, EBS(dReco, M) and EBS(dReco, C) need to offset each other. Figure S5d-f show Zone 3 experienced notable decrease in temperature and moderate increase of SWC, therefore EBS(dReco,M) = -2, and EBS(dReco, C) = +2, and EBS (dNEEM) = EBS(dReco, M) + EBS(dGPPM) = 0. On the cooling effect, EBS(dNEEC) = EBS(dReco, C) + EBS(dGPPC) = +1 (Fig. 8c). In summary, if consider dNEE as dGPP and dReco regardless it is cooling or moisturizing-induced, we have EBS(dNEE) = EBS(dGPP) + EBS(dReco) = +1 + 0 = +1, meaning it is the increase of GPP contribute to the outcome. On the other hand, if consider dNEE as dNEEC and dNEEM regardless it is from GPP or Reco, we have EBS(dNEE) = EBS(dNEEC) + EBS(dNEEM) = +1 + 0 = +1, meaning it is the cooling effect leads to the outcome. Therefore, we conclude Zone 3 is a cooling dominant zone.

Text S2: The reasoning process for Zone 5 is similar to Zone 3. In Zone 5, we observe dNEE < 0 (Fig. 6d), but the decrease amount is not as much as Zone 1. therefore EBS(dNEE) = +1. Meanwhile, dGPP > 0 and dReco  0 for Zone 5 (Fig. 6e&f), indicating EBS(dGPP) = +1 and EBS(dReco) = 0. Furthermore, the change of SWC and soil temperature in Zone 5 are around the mean values in CMA leading to a balanced cooling and moisturizing effect on respiration; therefore, EBS(dReco,M) = -1 and EBS(dReco,C) = +1. However, the air cooling in Zone 5 is not significant, resulting in EBS(dGPPM) = 2 and EBS(dGPPC) = -1. Using Eq. (7), we find it is the increase of GPP mainly contributes to the outcome. While using Eq. (6), we find the cooling effect is muted, meaning it is the moisturizing effect leads to the outcome. 

Text S3: Unlike Zone 3 and Zone 5, carbon reduction in Zones 2 and 4 are mainly contributed from the decrease of Reco. We first have EBS(dNEE) = +1 in Zones 2 and 4. From Figure 6e&f,  dGPP  0 and dReco < 0, indicating EBS(dGPP) = 0 and EBS(dReco) = +1. We also observe a moderate change of SWC in Zones 2 and 4. Meanwhile, soil cooling is not notable as air cooling (Fig. S5e&f). Therefore, EBS(dReco,M) = -1, and EBS(dReco,C) = +2 to achieve EBS(dReco) = +1. Since air cooling and moisturizing are moderate, EBS(dGPPM) = +2, and EBS(dGPPC) = -2.  In summary, if consider dNEE as dGPP and dReco regardless it is cooling or moisturizing-induced (by Eq. (7)), we have EBS(dNEE) = EBS(dGPP) + EBS(dReco) = 0 + 1 = +1, meaning it is the decrease of Reco contribute to the outcome. On the other hand, if consider dNEE as dNEEC and dNEEM regardless it is from GPP or Reco (by Eq.(6)), we have EBS(dNEE) = EBS(dNEEC) + EBS(dNEEM) = 0 + 1 = +1, meaning it is the moisturizing effect leads to the outcome. 
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